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The  wind  <goeth  toward  the  south,  and  turneth  about  unto  the  north  ; 
it  whirleth  about  continually,  and  the  wind  retumeth  again  according  to 
his  circuits. 

All  the  rivers  run  into  the  sea,  yet  the  sea  is  not  full ; unto  the  place 
from  whence  the  rivers  come  thither  they  return  Rg^in. 

* ' Ecclesiastes,  Chap.  1. 
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PREFACE 


TO 

THE  SECOND  EDITION. 


The  reasons  which  originally  induced  me  to  adopt 
the  form  of  Essays  in  the  arrangement  of  my 
Observations  and  Speculations  upon  Meteorology 
have  acquired  new  force  from  further  reflection. 
Too  many  branches  of  the  science  are  still  open 
to  experiment  and  discussion  to  allow  of  their 
connexion  with  advantage,  on  account  of  the  de- 
tails which  their  progressive  state  requires.  In 
this  edition  I have,  therefore,  adhered  to  my  ori- 
ginal plan,  and  have  availed  myself  of  the  facility 
which  it  affords  to  throw  all  the  new  matter  into 
a separate  form,  which  will  enable  the  possessors 
of  the  former  edition  to  complete  the  work  by  the 
purchase  of  the  Second  Part.  This  mode  of  pro- 
ceeding is  attended  by  some  inconveniences,  such 
as  repetitions,  two  or  three  inconsistencies,  &c., 
which  might  otherwise  have  been  avoided,  but 
none  of  which,  I conceive,  counterbalance  its 
manifest  advantages. 


VI 


PREFACE  TO 


I have,  however,  taken  the  opportunity  of  cor- 
recting all  the  greater  errors  which  I have  either 
discovered  myself,  or  which  have  been  pointed  out 
to  me  by  others, — the  most  important  of  which  is 
the  miscalculation  of  the  Table  in  the  essay  upon 
the  Hygrometer,  for  finding  the  specific  gravity 
of  any  mixture  of  atmospheric  air  and  aqueous 
vapour.  This  was  first  indicated  to  me  by  an 
unknown  friend  in  the  Dublin  Philosophical  Jour- 
nal, and  afterwards  by  Monsieur  Gay-Lussac,  who 
most  obligingly  favoured  me  with  the  formula  from 
which  the  present  Table  is  derived.  This  corrected 
table,  as  being  of  considerable  importance,  I have 
also  added  to  the  Second  Part. 

To  my  other  critics,  known  and  unknown,  I beg 
to  return  my  best  acknowledgments,  and  I have 
endeavoured  to  profit  by  many  of  their  hints. 
In  many  instances  I am  afraid  that  the  praise 
bestowed  upon  my  labours  has  been  beyond  their 
desert ; and  if,  on  one  occasion,  I have  been  rather 
roughly  roused  from  the  dream  of  satisfaction 
which  such  approbation  was  calculated  to  produce, 
I trust  that  I do  not  retain  my  opinion  upon  the 
point  of  controversy  without  a due  consideration  of 
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all  the  real  argument  which  has  been  brought 
against  it. 

In  one  particular  the  present  edition  will  be 
found  to  differ  from  the  last,  and  that  is,  in  the 
careful  avoidance  of  all  allusion  to  subjects  which, 
however  intense  the  personal  interest  which  they 
excite  at  the  moment  of  their  discussion,  can  be 
but  of  ephemeral  importance.  The  motives  to  this 
forbearance  will  not,  I trust,  be  misunderstood. 

The  assistance  and  advice  of  my  friend,  Capt. 
Sabine,  R.A.,  have  been  of  the  utmost  importance 
to  me  in  the  progress  of  my  labours ; and  the 
interest  which  he  has  kindly  taken  in  my  work, 
from  its  commencement,  has  excited  me  to  perse- 
verance, under  circumstances,  at  times,  of  no  en- 
couraging nature. 

To  Capt.  Basil  Hall,  R.N.,  my  special  acknow> 
ledgments  are  also  due  for  the  great  attention  which 
he  has  given  to  my  speculations,  and  for  the  practical 
illustrations  with  which  his  experience  has  supplied 
me.  His  remarks  upon  the  Trade  Winds  have,  of 
course,  afforded  me  the  highest  gratification,  and 
will  doubtless  be  read  with  interest  by  all  those 
who  think  upon  Meteorology. 


Vlll 


preface  to  the  second  edition. 


To  Lieut.  H.  Foster,  R.N.,  and  to  many  others, 
I am  indebted  for  the  loan  of  some  interesting 
registers ; and  to  Mr.  Galbraith  of  Edinburgh,  for 
a very  accurate  Table  of  the  force  of  Steam  at 
various  temperatures. 

I greatly  regret  the  failure  of  some  attempts 
which  have  been  made  to  produce  more  unity  of 
action  between  those  who  are  practically  engaged 
in  advancing  our  knowledge  of  atmospheric  pheno- 
mena. Their  labour  and  perseverance  lose  more 
than  half  their  value  by  the  want  of  a well-digested 
plan  of  mutual  co-operation.  I trust  that  unto- 
ward circumstances  have  only  delayed  such  a union 
of  those  who  are  interested  in  the  science,  and 
that  a Meteorological  Society,  or  Committee,  may 
yet  be  formed  under  more  auspicious  circumstances. 
If  ever  this  should  be  effected,  they  cannot  better 
commence  their  career  than  by  adopting,  as  a 
model,  the  plan  of  the  Meteorological  Society  of 
the  Palatinate,  of  whose  constitution  and  labours 
some  account  will  be  found  in  the  following  pages. 


AN  ESSAY 


UPON  THE 

CONSTITUTION  OF  THE  ATMOSPHERE. 


Man  may  almost  with  propriety  be  said  to  be  a 
meteorologist  by  nature:  he  is  naturally  placed 
in  such  a state  of  dependance  upon  the  elements, 
that  to  watch  their  vicissitudes  and  anticipate 
their  disturbances,  becomes  a necessary  portion 
of  the  labour  to  which  he  is  born.  The  daily  tasks 
of  the  mariner,  the  shepherd,  and  the  husbandman, 
are  regulated  by  meteorological  observations  ; and 
the  obligation  of  constant  attention  to  the  changes 
of  the  weather,  has  endued  the  most  illiterate  of  the 
species  with  a certain  degree  of  prescience  of  some 
of  its  most  capricious  alterations.  Nor,  in  the  more 
artificial  formas  of  society,  does  the  subject  lose 
any  of  its  universality  or  interest : much  of  the 
tact  of  experience,  indeed,  is  blunted  and  lost; 
but  artificial  means,  derived  from  science,  supply, 
perhaps  inadequately,  the  deficiency ; and  the 
general  influence  is  still  felt  and  acknowledged, 
though  not  so  accurately  appreciated.  The  gene- 
rality of  this  interest  is,  indeed,  so  absolute,  that 
the  common  form  of  salutation  amongst  many 
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nations  is  a meteorological  wish,  and  the  first  in- 
troduction between  strangers  a meteorological  ob- 
servation. 

But  although  the  atmospheric  phenomena  have 
excited  the  attention  of  all  classes  of  men,  from 
the  earliest  ages  of  the  world;  and  have  proba- 
bly formed  the  most  ancient  and  universal  theme 
of  conversation  and  speculation,  both  with  the 
learned  and  unlearned;  and  although  they  may 
have  been,  daily,  nay  hourly,  discussed  since  the 
time  when  the  human  race  were  first  exposed 
to  their  influence ; the  observations  of  the  vul- 
gar, and  the  theories  of  the- philosopher,  have 
been  alike  insufficient  for  a rational  and  satis- 
factory explanation  of  their  general  laws.  Many 
and  ingenious  are  the  instruments  which  the  sci- 
ence of  modern  ages  has  constructed  for  the  ac- 
curate appreciation  of  these  - perpetual  changes  ; 
and  diligent  have  been  -the  observers  who  have 
dedicated  their  time  to  the  science  of  meteorology : 
but,  from  the  first  contrivance  of  the  barometer 
to  the  present  day,  the  great  and  unceasing  fluctu- 
ations of  the  vast  aerial  ocean-,  denoted  by  that  in- 
strument, are  unexplained.  ‘‘  The  wind  bloweth 
where  it  listeth,  and  we  cannot  tell  whence  it 
cometh  nor  whither  it  goeth.”  The  complication 
of  the  processes,  carried  on  in  the  immense  labo- 
ratory of  nature,  the  wide-extended  circle  of  their 
agency,  and  the  ever- varying  results  of  their  com- 
pound influences,  appear  to  have  been  too  much 
for  the  mind  to  comprehend  as  a whole  ; and  the 
powers  of  reason  have  been  bewildered  in  the  in- 
extricable labyrinth  of  causes  and  effects. 
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Being  myself  deeply  interested  in  these  in- 
quiries, and  having  devoted  much  of  my  time  and 
attention  to  experimenting  upon  this  subject,  it 
occurred  to  me  to  consider,  that  although  the 
science  of  meteorology,  contemplated  as  a whole, 
had  lately  made  but  little  progress  towards  per- 
fection ; yet,  that  the  parts  of  which  it  is  composed, 
comprising  nearly  the  whole  circle  of  the  natural 
sciences,  had  been  by  no  means  stationary  ; but, 
on  the  contrary,  were  making  rapid  strides  towards 
perfection.  The  elements  of  the  science,  consi- 
dered as  founded  upon  experiment  and  observation, 
have  been  largely  extended  and  deeply  explored ; 
and  a rich  accumulation  of  facts  have  been  col- 
lected, which  only  require,  perhaps,  to  be  properly 
adjusted,  to  enable  us  to  raise  the  superstructure 
with  security.  I reflected  that,  in  the  present  state 
of  our  knowledge,  this  might  probably  be  done 
synthetically  with  the  greatest  advantage  ; and  that 
by  setting  out  from  a few  plain  and  established 
principles,  and  by  accurately  appreciating  their 
mutual  influences,  there  was  a probability  of  as- 
cending to  more  complicated  relations ; till  at  length, 
by  gradual  steps,  we  might  possibly ' accomplish 
the  explanation  of  those  atmospheric  phenomena, 
the  analysis  of  which  has  hitherto  been  perplex- 
ed with  insurmountable  difficulties.  This  idea 
has  been  so  strongly  impressed  upon  my  mind, 
that  I have  resolved  to  institute  such  a process, 
and  with  this  clue,  to  venture  in  a path  in  which 
so  many  have  failed  before  me. 

Before  I proceed,  however,  to  attempt  the  pro- 
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blem  which  I have  contemplated,  it  may  not  be 
improper  to  prove  the  necessity  of  further  illustrat- 
ing a subject  which  has  already  exercised  the  in- 
genuity of  so  many  and  such  distinguished  phi- 
losophers. For  this  purpose  I cannot,  I think,  do 
better  than  refer  to  the  latest  hypothesis  upon 
the  cause  of  the  rise  and  fall  of  the  barometric  co- 
lumn, which  has  recently  been  advanced  by  Pro- 
fessor Leslie,  in  the  supplement  to  the  Encyclo- 
paedia Britannica*.  This  distinguished  philoso- 
pher, previous  to  offering  a solution  of  the  diffi- 
culty, passes  a sentence  upon  the  attempts  of  all 
those  who  have  preceded  him  in  the  task,  with 
which  the  scientific  world  in  general  will  be  dis- 
posed to  agree. 

“ Philosophers  have  eagerly  sought  to  explain 
the  fluctuations  of  the  mercurial  column.  They 
have  tried  every  principle  that  might  appear  to 
exert  any  influence  in  modifying  the  local  weight 
of  the  atmosphere;  but  their  very  numerous  at- 
tempts, it  must  be  confessed,  have  hitherto  been 
singularly  unsuccessful.  It  was  requisite  to  shew 
that  such  causes  would  not  only  give  results  of 
the  kind  expected,  but  were,  besides,  fully  ade- 
quate to  the  production  of  the  phenomena.  In 
most  instances,  however,  either  none  of  those  effects 
could  have  followed,  or  they  would  occur  in  a very 
inferior  degree  and  disproportionate  extent.” 

The  principal  of  these  attempts  he  then  proceeds 
to  examine ; and  having  shewn  their  fallacy,  pro- 


♦ Ency.  Brit.,  Sup.,  Article  Meteorology,  p.  329» 
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pounds  the  following  explanation,  as  hitherto  over- 
looked, and  capable  of  furnishing  a satisfactory 
solution  of  a great  variety  of  phenomena. 

“It  is  obvious  that  a horizontal  current  of  air 
must,  from  the  globular  form  of  the  earth,  continu- 
ally deflect  from  its  rectilineal  course.  But  such  a 
deflection  being,  precisely  of  the  same  nature  as  a 
centrifugal  force,  must  hence  diminish  the  weight 
or  pressure  of  the  fluid.  The  only  question,  is, 
to  determine  the  amount  of  that  disturbing  influ- 
ence. Though  it  should  appear  quite  inconsidera- 
ble, in  the  interval  of  a short  space,  it  niay  yet  ac- 
cumulate to  a very  notable  quantity,  through  the 
wide  extent  over  which  the  same  wind  is  known 
to  travel : suppose  a current  to  begin  to  flow  from 
A,  Fig.  I, 


Fig.  I. 


in  the  direction  of  a tangent : it  will  successively 
bend  from  a rectilineal  track,  at  the  points  B,  C,  D, 
&c.,  on  the  surface  of  the  earth.  The  particles  of 
the  fluid  are,  therefore,  drawn  incessantly  from  their 
course  by  the  action  of  gravity.  Their  vertical 
pressure  is  consequently  diminished  by  the  force 
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spent  in  producing  this  deflection.  Wherefore, 
during  the  prevalence  of  the  wind,  the  atmospheric 
column  will  press  with  inferior  weight  at  B,  than 
at  A,  at  C than  at  B,  at  D than  at  C ; thus  gradu- 
ally decreasing  through  the  whole  chain.  Suppose 
the  intervals  A B,  B C,  C D,  D E,  &c.,  to  be  each 
of  them  a^  mile,  and  that  the  current  reaches  the 
points  B,  C,  D,  E,  &c.,  in  successive  minutes,  a 
celerity  which  frequently  happens ; the  deflection 
at  B,  owing  to  the  curvature  of  the  earth,  would  be 
eight  inches,  or  two  thirds  of  a foot ; but  the  space 
through  which  a body  would  descend  in  a minute 
by  the  action  of  gravity  is,  60x  60x  16:=57600 
feet  or  86400  times  greater  than  the  deviation  from 
the  tangent.  Wherefore  the  atmospheric  pressure 
would,  on  that  hypothesis,  be  diminished  by  the 
86400th  part,  for  each  interval  of  a mile  from  A to 
D.  In  the  space  of  288  miles,  this  diminution 
would  consequently  be  the  300th  part  of  the  incum- 
bent weight ; and  over  an  extent  of  2880  miles,  it 
would  amount  to  the  30th  part.  If  we  assume  the 
very  probable  estimate,  that  storms  involve  the 
whole  region  of  the  clouds,  or  attain  an  elevation 
of  near  three  miles,  the  diminution  of  pressure,  oc- 
casioned by  a long  series  of  deflections  in  the  stream 
would  affect  one  half  of  the  atmosphere.  Where- 
fore a wind  which  has  blown  over  a track  of  2880 
miles  at  the  rate  of  60  miles  an  hour,  might  cause 
the  mercurial  column  to  subside  Half  an  inch.  If 
the  velocity  of  the  wind  were  doubled,  which  is 
probably  the  limit  of  the  most  tremendous  hurri- 
cane, the  fall  of  the  Barometer  would  be  four  times 
greater,  and  amount  to  two  inches.” 
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Now  I conceive,  that  it  will  be  no  very  difficult 
task  to  shew  that  the  Professor  has  been  as  un- 
fortunate as  his  predecessors,  in  his  proposed  so- 
lution : and  nothing  can  better  illustrate  the  diffi- 
culty of  the  problem  than  such  a failure.  His  er- 
ror, appears  to  me,  to  lie  in  the  misapplication  of 
the  term  horizontal^  in  the  first  sentence  of  the 
above  extract:  as  there  applied,  it  is  made  to  sig- 
nify rectilineal,  contradistinguished  to  parallelism 
to  the  surface  of  the  globe.  Now  what  power 
can  be  supposed  to  produce  such  horizontality  as 
this  ? Mr.  Leslie  observes,  that  deflection  from  it 
is  “ of  the  same  nature  as  a centrifugal  force but 
is  it  not  obvious  that  it  is  itself  a centrifugal  force  ? 
And  then  whence  does  such  an  impulse  originate  ? 
He  has  not  revealed  to  us  the  manner  in  which  he 
supposes  the  wind,  which  he  employs,  to  arise,  (and 
this  alone  is  a defect  in  his  theory  ;)  but  upon  no 
known  principle,  I conceive,  can  its  tendency  be 
tangental  to  the  circumference  of  the  earth.  But, 
granting  for  a moment,  the  possibility  of  such  a 
direction,  let  us  suppose  a current  to  begin  to  flow 
from  A,  in  the  direction  of  a tangent,  and  that  it  is 
bent  from  its  rectilineal  track  at  the  point  B by  the 
action  of  gravity,  how  is  the  unknown  force  to  be 
renewed,  so  that  the  wind  at  B is  again  to  assume 
a tangental  course  ? But  the  hypothesis  not  only 
supposes  this,  but  further,  that  it  is  infinitely  re- 
newable ; and  the  effect  which  is  at  first  scarcely 
perceptible,  is  “ accumulated  by  a long  series  of 
deflections.” 

When  the  foundations  of  a theory  are,  as  I think, 
so  palpably  erroneous,  it  can  scarcely  be  necessary 
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to  remark  that,  the  accordance  of  the  phenomena 
with  it,  is  not  so  close  as  has  been  supposed ; other- 
wise many  inexplicable  cases  might  be  adduced 
to  prove  its  insufficiency.  One  of  the  strongest  of 
these  is,  that  wind  does  not  always  precede  a fall 
of  the  mercurial  column ; but,  on  the  contrary,  the 
greatest  depressions  of  the  mercury  generally  pre- 
cede a wind.  Sometimes  also  great  falls  are  not  at- 
tended with  wind,  and  sometimes,  the  mercury  has 
been  depressed  to  leeward  of  the  storm. 

It  is  the  more  singular  that  Professor  Leslie 
should  have  fallen  into  this  error,  as  in  referring  in 
his  treatise  to  tho  well-known  experiment  of  Mr. 
Hauksbee,  at  the  beginning  of  the  last  century,  he 
refutes  its  fallacy  in  a*  way  which  is  equally  ap- 
plicable to  his  own  hypothesis  ; if,  indeed,  it  be  not 
the  very  same  idea,  clothed  in  another  dress. 

“ To  explain,”  says  he,  “ the  descent  of  the  Ba- 
rometer during  wind,  a very  ingenious  idea  has 
been  proposed,  which,  being  apparently  confirmed 
by  experiment,  has  obtained  general  reception.  It 
is  conceived  that  a current  of  air,  in  sweeping  over 
the  surface  of  the  earth,  must  cease  to  exert  any  ver- 
tical pressure.  But  this  assumption  can  hardly  be 
reconciled  with  any  strict  principle  in  science, /or 
the  'particles  of  air  will  not  for  a inoment  cease  to  gra- 
vitate^ nor  will  any  horizontal  motion  of  them  produce 
the  slightest  derangement  in  a perpendicular  direction^" 
Now  the  tangental  direction  of  Mr.  Leslie’s  wind,  is 
nothing  less  than  a cessation  to  gravitate  ; and  its 
horizontal  motion  produces  derangement  in  a perpen- 
dicular direction,  in  violation  of  the  very  law  which 
he  has  himself  so  properly  and  carefully  explained- 
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M.  Biot,  one  of  the  great  masters  of  science, 
after  adverting  to*  the  different  hypotheses,  which 
have  been  framed  for  the  explanation  of  the  mo- 
tions of  the  Barometer,  thus  candidly  concludes  his 
review  of  them  all. 

“ Le  parti  le  plus  sage  est  de  consider er  ces 
faits  comme  des  resultats  d’observation  dont  on 
.ne  peut  jusqu’a  present  donner  aucune  explication 
satisfaisante.  La  hauteur  du  Baromfetre  eprouve 
des  elevations  et  des  abaissemens  qui  parais- 
sent  t^nir  aux  modifications  de  I’atmosphere,  mais 
dont  la  cause  est  encore  inconnue.” — Traite  de 
Phi/siquCy  Tome  L,  p.  95. 

The  method,  which  has  occurred  to  me,  of 
viewing  this  complicated  subject,  promises  to  sim- 
plify the  conditions  of  the  acknowledged  problem  ; 
and  I trust  to  the  candour  of  the  learned,  to  re- 
ceive the  following  attempt  at  its  solution  with 
indulgence. 

I pass  over  the  particulars  of  the  chemical 
composition  of  the  atmosphere,  as  foreign  to  my 
present  purpose,  and  consider  it  as  essentially 
composed  of  an  homogeneous,  permanently-elastic 
fluid,  mixed  with  varying  proportions  of  condensi- 
ble elastic  vapour.  I omit,  likewise,  its  relations 
to  light  and  electricity,  and  assume  that  radiant 
heat  passes  through  it  with  little  or  no  interruption. 

I shall  divide  the  proposed  inquiry,  thus  re- 
stricted, into  four  parts.  In  the  first,  I shall  consider 
the  habitudes  of  an  atmosphere  of  perfectly-dry, 
permanently-elastic  fluid,  under  certain  conditions  ; 
in  the  second,  those  of  an  atmosphere  of  pure,  aque- 
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ous  .vapour ; in  the  third,  the  compound  relations 
of  a mixture  of  the  * two ; and  in  the  fourth,  I shall 
endeavour  to  apply  such  principles  as  may  legiti- 
mately be  deduced  from  the  previous  investigation, 
to  some  of  the  observed  phenomena  of  the  atmo- 
sphere of  the  earth.  Many  of  the  observations 
which  I shall  have  to  make,  will  appear,  at  first, 
trite  and  uninteresting ; but  let  it  be  remembered 
that  it  is  from  self-evident  axioms  that  the  most 
complicated  problems  are  solved. 
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PART  I. 


On  the  Habitudes  of  an  Atmosphere  of  perfectly -dry  ^ 
permanently -elastic  Fluid. 


In  proposing  the  following  hypothetical  cases, 
my  object  has  been  to  assimilate  the  conditions  as 
much  as  possible  to  those  of  the  atmosphere  of  the 
earth  ; separating  only  the  phenomena  into  classes, 
that,  in  considering  them  singly,  we  may  trace,  with- 
out confusion,  the  ultimate  effects  of  each  simple 
cause. 

I shall,  therefore,  propose  as  the  first  problem, 
the  natural  state  of  an  atmosphere,  of  perfectly-dry , 
permanently-elastic  fluid,  surrounding  a sphere  in 
a state  of  rest,  of  uniform  temperature  in  all  its 
parts  ; to  the  centre  of  which  it  gravitates  equally  ? 
^ Its  height,  density,  and  elasticity,  would  every 
where  be  equal,  at  equal  elevations ; and  the  co- 
lumn of  mercury,  which  it  would  support  in  the  Ba- 
rometer, would  be  the  same  every  where  at  the  sur- 
face of  the  sphere.  These  conclusions  rest  upon 
the  fundamental  laws  of  Hydrostatics,  and  need  no 
demonstration  here.  The  first  condition,  therefore, 
its  state,  must  be  that  of  perfect  equilibrium  and 
rest.  --  . 

The  second  condition  is,  'that  its  density  must 
decrease  in  a geometrical  progression,  in  ascending 
through  equal  stages  to  its  higher  regions : for  the 
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density  would  every  where  be  proportionate  to  the 
superincumbent  weight. 

The  calculation  of  this  progression  is  simple : for 
in  logarithmic  curves  when  the  ordinates  are  the 
same,  the  intercepted  portions  of  the  abscissae  are 
proportional  to  the  subtangents,  and  the  process 
may  be  conducted  in  the  following  manner  : We 
will  suppose  the  length  of  a column  of  mercury,  at 
the  surface  of  the  sphere,  equivalent  to  the  weight 
of  an  equal  column  of  the  air,  to  be  30  inches,  and 
its  temperature  to  be  32°  ; the  height  of  an  homo- 
geneous atmosphere,  of  equal  density  in  all  its  parts, 
would  therefore  be  26250  feet ; for  the  specific  gra- 
vity of  dry  air  at  32°,  and  under  a pressure  equal  to 
30  inches  of  mercury,  is  to  that  of  mercury,  as  1 to 
10500.  From  these  data,  the  density  for  any  height 
may  be  found  by  the  use  of  Logarithms*  ; for  as 
the  height  of  the  homogeneous  atmosphere,  or  at- 
mospheric subtangent,  is  to  the  height  proposed,  so 
is  the  modulus  of  the  common  system  of  Loga- 
rithms, or  logarithmic  subtangent,  to  the  difference 
of  the  Logarithms  of  the  densities.  Thus,  under  the 
conditions  just  named,  let  it  be  required  to  know 
the  density  or  elasticity  of  the  atmosphere  at  the 
height  of  5000  feet ; 

Feet.  Feet.  Modulus.  Difference. 

then  26250  : 5000 ::  .4342945  : .0827227. 
which,  deducted  from  .4771212  the  Logarithim  of 
30  inches,  leaves  .3943985,the  Logarithm  of  24.797 
inches,  the  density  required.  The  following  table 
represents  the  decrements  of  Density,  for  the  dif- 
ferent heights  subjoined. 

* See  Young’s  Natural  Philosophy.  Vol.  I.  page  272. 
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table  I.  Shewing  the  Decrease  of  Density^  and  Fall  of 
the  Barometer  at  different  Heights  in  an  Atmosphereof 
uniform  Temperature  throughout. 


Height  in 
Feet. 

Barometer 
Column  inches. 

Density. 

Temp. 

0 

30.000 

1.00000 

32 

5000 

24.797 

.82656 

10000 

20.499 

.68321 

15000 

16.941 

.55472 

20000 

14.000 

.46677 

25000 

11.575 

.38582 

30000 

9.567 

.31890 

The  third  condition  of  the  atmosphere  must 
be,  that  its  sensible  heat  shall  decrease  progres- 
sively from  below  upwards.  Experiment  has  proved 
that  the  specific  heat  of  atmospherical  air,  relative 
to  its  mass,  increases  as  the  density  diminishes : 
the  absolute  quantity,  therefore,  of  heat  contained 
in  every  part  of  any  vertical  column  remaining  un- 
changed, this  gradation  of  temperature  must  natu- 
rally flow  from  the  enlarged  capacity  which  the  air 
acquires  from  rarefaction. 

The  temperature,  due  to  any  given  height,  may 
easily  be  found  as  follows.  Reckoning  the  density 
of  the  air  at  the  surface  of  the  sphere  = 1,  the  dif- 
ference between  the  density  at  any  given  altitude, 
and  its  reciprocal  being  multiplied  by  45,  will  ex- 
press the  mean  diminution. 

For  example, 30,000  : 24.797::  1.000  : .826  which 
is  the  density  at  5000  feet,  the  density  at  the  sur- 
face being  1.  Therefore,  .826  : 1.000::  1.000  : 1.210, 
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and  1.210— 826=:384x  45=17.2,  the  diminution 
due  to  that  elevation*.  The  scale  of  temperature, 
appropriate  to  the  preceding  heights  and  densities, 
is  as  follows : 

J ^ - y.i  I 

TABLE  II.  Shewing  the  Decrease  of  Density  and  Tem- 
perature due  to  different  Elevations  in  an  Atmosphere 
of  permanently -elastic  Fluid. 


Height  in 
feet. 

Density. 

Temp. 

0 

1.00000 

32. 

5000 

.82656 

14.8 

10000 

.68321 

- 3.1 

15000 

.56472 

— 22.4 

20000 

.46677 

—43.6 

25000 

.38582 

-67.5 

30000 

.31890 

-95,1 

' We  have  here  another  cause  developed,  which, 
as  well  as  gravity,  affects  the  constitution  of  per- 
manently-elastic  fluids:  namely,  an  alteration  of 
temperature.  A difference  of  1 degree,  upon 
Fahrenheit’s  scale,  causes  a contraction  or  expansion 
of  ^i^th'part  of  their  volume  ; which,  under  equal 
pressure,  proportionally  increases  or  diminishes 
their  specific  gravity  ; or,  when  confined,  raises  or 
depresses  their  elasticity  to  the  same  amount. 

From  .this  cause,  the  barometer  • alone,  will  no 
longer  be  the  exact  measure  of  the  progressive 
density ; but  for  this  purpose,  its  indications  must 

' * See  Ency.  Brit.,  Supplement,  Article  Climate,  p.  188. 
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be  associated  with  those  of  the  thermometer.  The 
mercurial  column  will  be  shortened  ^th.  of  its 
length  at  the  several  stages,  for  each  degree  of  de- 
pression due  to  the  elevation ; and  its  fall  for 
equal  altitudes  will  differ  by  that  quantity  from 
the  geometrical  progression.  The  following  table 
gives  the  height  of  the  barometer,  the  specific 
gravity,  and  the  temperature  for  the  scale  of  heights 
before  proposed. 

TABLE  III.  Shewing  the  Fall  of  the  Barometer,  at  dif- 
ferent Heights  in  an  Atmosphere,  decreasing  in  tem- 
perature in  the  preceding  Progression, 


Height  in 
feet. 

Barometer. 

Sp.  Gravity. 

Temp. 

0 

30.000 

1.00000 

32. 

5000 

23.949 

.82656 

14.8 

10000 

19.106 

.68321 

- 3.1 

15000 

15.229 

.56472 

—22.4 

20000 

12.044 

.46677 

-43.6 

25000 

9.579 

.38582 

-67.5 

.30000 

7.566 

.31890 

— 95.1 

Such  then  must  be  the  constitution  of  an  atmo- 
sphere of  perfectly  dry  air,  surrounding  a sphere 
of  the  temperature  of  32° — ^perfect  equality  of  pres- 
sure producing  perfect  rest,  the  specific  gravity, 
pressure  and  temperature  decreasing  upwards,  ac- 
cording to  the  above  scale,  and  each  being  definite 
for  the  elevation.  These  calculations  have  been 
made  upon  the  supposition  of  equal  gravity  at  all 
heights ; a supposition,  which  is  not  exactly  ac- 
cordant with  fact:  the  difference,  however,  is  ex- 
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tremely  small  and  wholly  unimportant  to  the  general 
argument. 

If  the  temperature  of  the  sphere  be  now  con- 
ceived to  rise  generally  and  equally  in  all  its  parts, 
a new  adjustment  of  the  gaseous  strata  must  ensue. 
An  increase  of  elasticity  will  take  place,  and  the 
total  height  will  be  increased.  The  expansion 
must  necessarily  proceed  from  below  upwards; 
for  the  impulse,  being  equal  and  simultaneous  in 
each  of  the  columns,  into  which  we  may  suppose 
the  atmosphere  divided,  they  mutually  confine 
one  another  in  every  other  direction. 

As  there  is  no  increase  or  decrease  of  ponder- 
able matter  in  any  of  the  vertical  sections,  the 
total  pressure  will  remain  as  before,  and  the  baro- 
meter at  their  bases  will  not  be  affected : but  as 
a different  distribution  of  the  weight  in  the  dif- 
ferent horizontal  sections  takes  place,  its  height 
will  be  altered  in  every  other  situation. 

Let  a b represent  a column  of 
fluid,  whose  total  weight  is  30,  and 
whose  four  sections,  taken  at  equal 
altitudes,  are  each  7.5 : the  scale  of 
the  progressive  heights  will  be  = 30.= 
22.5=15.  = 7.5.  Let  c d be  the  same 
column  expanded  by  J its  length. 
Its  total  weight  will  be  30  as  before ; 
but  the  weights  of  its  sections, 
taken  at  the  same  altitudes,  will  be 
reduced  to  6,  and  the  same  progres- 
sive heights  will  be  increased  to  30. 

24  = 1 8 = and  1 2.  The  quantity  of 
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matter  remains  the  same,  but  a greater  proportion 
of  it  is  distributed  in  the  upper  parts.  But  if,  in 
proportion  as  the  expansion  takes  place,  the  fluid 
should  over-flow  at  its  upper  surface,  so  that  the 
length  of  the  column  may  remain  the  same,  then 
would  its  total  weight  from  e to  d be  reduced  to  24, 
and  that  of  its  several  progressive  heights  to  18=12 
and  6. 

The  first  case  presents  us  with  an  analogy 
adapted  to  our  present  purpose,  the  second  we 
shall  have  occasion  to  apply  as  we  proceed. 

Upon  the  supposition  which  has  been  made, 
of  a general  rise  in  the  temperature  of  the  sphere, 
the  temperature  of  the  atmosphere  will  be  raised 
throughout  its  mass  by  internal  circulation ; but  the 
proportion  due  to  the  several  degrees  of  elevation 
will  be  preserved.  The  following  Table  exhibits 
the  arrangement  which  would  take  place  from  an 
increase  of  16  degrees  of  heat  in  the  sphere: 

TABLE  IV.  Shewing  the  effect  upon  the  Barometer  of  a 

general  Increase  of  Temperature  in  the  Atmosphere, 


Height  in 
feet. 

Barometer. 

Sp.  Gravity. 

Temp. 

0 

30.000 

.96668 

48 

6000 

24.072 

.80402 

31.4 

10000 

19.338 

.66878 

14.1 

15000 

15.525 

.55629 

- 4.3 

20000 

12.409 

.46273 

--24.5 

25000 

9.915 

.38489 

-47 

30000 

7.852 

.32016 

-62.3 

The  height  of  the  barometer  at  the  base  of  the 
column,  which  denotes  its  total  weight,  remains  the 

c 
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same  as  in  Table  III.,  but  increases  at  the  various 
stages  of  altitude:  the  force  of  expansion  having 
effected  a different  distribution  of  the  ponderable 
matter,  and  raised  a greater  proportion  to  the  upper 
regions. 

Through  this  succession  of  changes,  the  atmo- 
sphere again  attains  a state  of  equilibrium  and  re- 
pose; and  the  action  being  equal  all  over  the 
sphere,  the  adjustment  is  soon  effected. 

Let  us  next  suppose  that  the  temperature  of  the 
sphere,  round  which  the  atmosphere  is  diffused,  in- 
stead of  being  equal  in  all  its  parts,  increases  by 
equal  degrees  from  the  Poles  to  the  Equator ; and  let 
us  assume  that  the  temperature  of  the  former  is  0°, 
and  the  temperature  of  the  latter  80°.  The  height  of 
the  barometer  is  still  to  be  taken  as  30.000  inches 
upon  all  parts  of  the  surface.  The  following  Table 
will  exhibit  the  pressure,  density,  and  temperature, 
at  the  two  extreme  points  of  such  an  arrangement, 
together  with  their  gradual  diminution  for  equal 
ascents : 


TABLE  V.  Shewing  the  comparative  Densities  and 
Elasticities  of  two  Columns  of  Air,  of  different  Tempe- 
ratures, at  different  Elevations, 


Height  in 
feet. 

Barometric  Column. 
Foies.  Equator. 

Specific  Gravity. 

Poles.  Equator. 

Temperature. 

Poles.  Equator. 

0 

30.000 

30.000 

1.06666 

.90000 

0 

80 

5000 

23.597 

24.342 

.86935 

.75737 

- 18.5 

64.4 

10000 

18.587 

19.779 

.70856 

.63735 

- 37.8 

48.4 

15000 

14.591 

16.060 

.57752 

.53640 

- 58.8 

31.4 

20000 

11.411 

13.043 

.47071 

.45150 

- 82.1 

12.8 

25000 

8.900 

10.521 

.38365 

.37980 

-109.1 

- 7.6 

30000 

6.906 

8.483 

.31270 

.31980 

1 - 140.3 

-30.7 
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In  considering  this  arrangement,  we  may  re- 
mark, first,  that  at  the  surface  of  the  sphere,  the 
elasticity  of  the  air,  as  measured  by  the  Barometer, 
remaining  the  same,  its  specific  gravity  is  very 
much  greater  at  the  poles  than  at  the  equator ; and 
hence  it  is  clear,  that  the  atmospheric  column  must 
be  proportionately  shorter  at  the  former,  than  at 
the  latter  point. 

The  further  conclusion  follows,  that  this  heavier 
fluid  must,  by  the  laws  of  Hydrostatics,  press  upon 
and  displace  the  lighter;  and  a current  will  be 
established  from  the  poles  to  the  equator. 

Our  second  remark  is,  that  this  difference  of 
gravity  becomes  less  as  we  ascend  from  the  surface, 
and  at  a certain  point  is  neutralized:  while,  on 
the  other  hand,  the  elasticity,  which  is  equal  at 
the  surface,  varies  with  the  height ; and  the  Baro- 
meter stands  higher,  at  equal  elevations,  in  the  equa- 
torial than  in  the  polar  column.  This  disproportion 
increases  with  the  elevation ; and  at  some  definite 
height,  must  more  than  compensate  the  unequal 
density  of  the  lower  strata,  and  occasion  a counter- 
flux from  the  equator  to  the  poles. 

It  will  be  convenient  to  consider  these  difierences 
of  gravity,  and  elasticity,  as  distinct  and  antagonist 
powers ; and  to  measure  their  forces,  if  possible, 
upon  the  same  scale.  This  may  readily  be  done, 
by  considering,  that  the  pressures  of  equal  columns 
are  as  their  specific  gravities,  that  is  to  say,  .90000 
: 1.06666  : : 30.000  : 35.553,  which  gives  an  ex- 
cess of  5.553  inches  of  mercury,  as  the  measure  of 
the  excess  of  gravity  in  the  case  proposed. 

This  excess  of  gravity,  we  have  seen,  is  unop- 
posed at  the  surface  of  the  sphere  by  any  excess 
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of  elasticity;  so  that  it  is  the  exact  measure  of 
the  force  with  which  a polar  atmosphere  would 
press  upon  an  equatorial,  supposing  the  two  in 
juxta-position.  It  is  also  the  measure  of  the  pres- 
sure which  would  be  required  at  the  equator  to 
equalize  its  density  with  that  of  the  poles.  If  we 
could  imagine  this  by  any  means  effected,  the 
Barometer  at  the  former  station  must  rise  to  35.55 ; 
and  the  current  would  be  reversed,  and  flow  with 
the  same  force  from  the  equator  to  the  poles ; this  cur- 
rent being  now  occasioned  by  excess  of  elasticity, 
as  it  was  before  caused  by  excess  of  gravity. 
An  increased  pressure  of  2.77  inches  would  pro- 
duce a . state  of  perfect  repose  on  the  surface ; 
the  resulting  augmentation  of  elasticity  and  gra- 
vity being  jointly  equal  to  the  former  excess  of 
gravity.  These  forces  being  reciprocal  in  their 
action,  whatever  mechanical  cause  acts  upon  the 
one,  must  equally  affect  the  other.  The  following 
Table  exhibits  the  excess  of  the  two  powers,  together 
with  their  balance  for  the  heights  before  assumed. 


TABLE  VI.  Shewing  the  Force  of  the  Polar  and  Fqui~ 
torial  Currents,  at  different  Elevations. 


Heifrht  in 
feet. 

Elasticity. 

Density. 

Balance. 

0 

— 0.00 

+ 5.55 

+ 5.55  1 

5000 

—0.74 

+ 3.73 

+ 2.99  / 

10000 

- 1.19 

+ 2.38 

+ 1.19  ) 

15000 

-1.47 

+ r.37 

-0.10 

20000 

-1.63 

+ 0.64 

-0.99  ^ 

/ 

25000 

-1.62 

+ 0.12 

-1.50  1 

30000 

1)1 

—0.20 

-1.78  J 

* Lower  Current  from  the  Poles 
to  the  Equator.  ' 


Upper  Current  from  the  Equa- 
tor to  the  Foies. 
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The  lower,  or  polar  current,  upon  this  supposi- 
tion, extends  to  the  height  of  about  two  miles  and 
a half,  gradually  diminishing  in  force ; and  at  that 
height,  gives  place  to  an  upper  or  equatorial  current, 
which  increases  in  strength  the  higher  we  ascend. 

The  velocities  of  these  currents  may  also  easily 
be  calculated : for  as  the  velocity  of  air  rushing 
into  a vacuum^',  is  found  by  multiplying  the  square 
root  of  the  height  of  the  homogeneous  atmosphere, 
expressed  in  feet,  by  8,  so  will  their  rate  be  found, 
in  the  number  of  feet  per  second,  by  multipying, 
by  8,  the  square  root  of  the  height  of  a column 
of  air,  equivalent  to  their  respective  forces.  Thus 
the  force  of  the  polar  current  being  5.55  inches, 
the  height  of  an  equipondrant  column  of  air  would 
be  4856  feet,  and  V 4856  x 8 would  give,  in 
round  numbers,  557  feet  per  second,  or  379f  miles 
per  hour.  The  rate  of  the  equatorial  current,  at 
the  height  of  30000  feet,  by  a similar  calculation, 
would  be  about  350  feet  per  second. 

But  our  hypothesis  assumes,  not  that  the  equa- 
torial and  polar  columns  are  in  contact,  but  that  the 
temperature  graduates  equally  between  the  points  ; 
and,  if  we  divide  the  hemisphere  into  bands  of  10 
degrees  each,  the  pressure  of  the  first  upon  the 
second  will  be  equal  to  the  second  upon  the  third, 
and  so  on ; that  is  to  say,  the  greatest  force  of  the 
lower  current  will  be,  by  our  calculation,  0.617 
inches,  and  that  of  the  upper  0.240  inches,  for  every 
10  degrees  of  latitude.  Their  respective  velocities, 
equalizing  them  for  each  degree  of  heat,  may  also 


* Young’s  Natural  Philosophy,  Vol.  I.,  page  279« 
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be  approximated  as  follows.  The  extreme  differ- 
ences of  80  degrees,  we  have  seen,  are  equiva- 
lent to  5,55  inches  and  2.16  inches  ; and  the  inter- 
mediate differences  of  about  9 degrees  to  0.617 
inches,  and  0.240  inches.  The  differences  for  each 
degree  will,  therefore^  be  .068  inches  and  .026 
inches,  which  give  a velocity  of  61  feet  per  second 
for  the  lower  current,  and.  38  feet  for  the  higher  ; 
or  about  41  and  25  miles  per  hour. 

This  interchange  of  the  polar  and  equatorial  at- 
mospheres, must  tend  towards  an  equalization  of 
temperature  ; and,  in  fact,  would,  in  time,  produce 
an  equal  diffusion  of  the  heat  of  the  sphere  itself, 
were  not  a cause  included  in  our  supposition,  to 
provide  for  the  permanency  of  its  existing  state. 

As  we  have  calculated  that  these  currents,  with 
such  respective  degrees  of  force,  are  the  conse- 
quence of  the  equal  height  of  the  Barometer  all 
over  the  surface  of  our  sphere,  so  we  conclude,  that 
this  equal  height  is  maintained  by  this  constant 
and  regular  flow ; and  any  irregularity  communicat- 
ed to  the  currents  would  immediately  be  shewn  by 
a change  in  the  mercurial  column.  Let  us  imagine, 
for  an  instant,  that  any  cause  (no  matter  at  present 
whence  originating)  should  retard  the  velocity  of 
the  polar  current,  without  at  first  affecting  the  equa- 
torid,  it  is  obvious  that  the  Barometer  would  fall  at 
the  equator,  and  rise  at  the  poles ; for  the  balance 
of  forces  would  be  disturbed  by  the  want  of  com- 
pensation for  the  matter  removed  at  one  extremity 
and  accumulated  at  the  other. 

The  subject  may  derive  some  illustration  from 
the  following  figure: — 
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Let  a b c represent  a bent  tube,  in  which  a 
column  of  oil  in  one  leg  is  balanced  by  a column  of 
water  in  the  other.  The  former  will  be  longer  than 
the  latter,  and  their  surfaces  will  stand  respectively 
at  e and  d.  Now  a current  of  oil  will  pass  along 
the  upper  part  of  the  level  portion  of  the  tube  / g*, 
and  will  ascend  through  the  water  in  the  leg  a, 
while  a current  of  water  will  occupy  the  lower  part 
of  the  level,  and  these  will  continue  to  flow  till  the 
lower  part  of  the  tube/ g be  filled  with  the  heavier 
fluid.  During  no  part  of  this  interchange  of  places 
will  any  alteration  arise  in  the  equal  pressure 
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of  the  columns ; for  the  particles,  notwithstanding 
their  horizontal  motion,  never  for  an  instant  cease 
to  gravitate : the  longer,  indeed,  will  be  shortened, 
and  the  shorter  lengthened ; but  their  total  weights 
will  at  all  times  remain  the  same.  If  we  could  by 
any  means  devise  a method  of  retarding  the  motion 
of  the  water,  while  that  of  the  oil  continued  the 
same,  the  latter  would  soon.flow  from  the  leg  b,  and 
be  accumulated  upon  the  top  of  the  water  in  the 
leg  a ; and  the  weight  of  the  column  in  a would  be 
as  much  increased  as  that  of  the  column  in  b would 
be  diminished. 

Thus,  then,  our  first  postulatum  constitutes  an 
atmosphere  which  is  necessarily  at  rest  in  all  its 
parts : our  second,  occasions  one  as  necessarily  in 
continual  and  equal  motion — let  our  third  be  a 
sphere  increasing  in  heat,  unequally,  from  the  poles 
to  the  equator.  The  extremes  are  to  be  0°  and 
80°  as  before,  and  at  the  middle  point,  or  the  lati- 
tude of  45,  we  will  suppose  the  temperature  to  be 
the  exact  mean  of  40°- : but  from  that  centre,  the 
increase  towards  the  equator,  is  to  be  by  a rapidly 
and  equally  decreasing  rate,  for  equal  distances ; 
and  the  decrease  towards  the  poles,  by  a similar 
progression.  The  temperatures,  for  every  10  de- 
grees of  latitude,  from  the  poles  to  the  equator, 
may  then  be  as  follows : 

Pole  Lat.  80  Lat.  70  Lat.  60  Lat.  50  Lat.  45 

0 3.  2 9.  6 19.  2 32.  40 


Lat.  40  Lat.  30  Lat.  20  Lat.  10  Equator 

48  60.  8 70.  4 76.  8 80. 

The  height  of  the  Barometer-is  still  to  be  30.000 
inches  every  where  upon  the  surface. 
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Table  VII.  furnishes  us  with  the  elasticity,  spe- 
cific gravity,  and  temperature  of  such  an  atmosphere, 
calculated  upon  these  data,  for  every  10  degrees  of 
latitude,  from  the  surface,  by  equal  altitudes,  to 
the  height  of  30000  feet.  Table  VIII.  exhibits  the 
excess  of  the  lateral  pressure  of  each  column 
upon  that  which  adjoins,  arising  from  the  balance 
of  forces. 

It  will  be  observed,  that  the  currents  still  set  as 
before,  and  at  nearly  the  same  altitudes,  but  with 
unequal  velocities  in  different  parts  of  their  courses. 
The  pressure,  the  density,  the  temperature,  and  the 
velocity,  are  all  definite,  for  the  latitude,  and  for 
the  elevation  ; and  it  is  by  the  exact  balance  alone 
of  these  circumstances,  that  the  Barometer  is  main- 
tained at  an  unvarying  height,  at  the  surface  of 
the  sphere. 

We  may  also  remark,  that  a change  of  tempera- 
ture, which  equally  pervades  a column  of  air  through- 
out its  length,  may  effect  an  adjustment  of  density 
without  disturbing  the  equiponderant  mercurial 
column  situated  at  its  base : the  force,  however, 
of  the  compensating  currents  will  be  altered ; and, 
under  some  circumstances,  their  courses  even  may 
be  changed.  Let  us  imagine  that  the  tempera- 
ture of  latitude  50,  as  it  stands  in  the  preceding 
Table,  is  altered  by  some  cause  not  affecting  the 
neighbouring  columns ; and  that  the  temperature 
rises  from  32°  to  60°.8  at  its  base,  and  equally  per- 
vades its  whole  length:  the  force  of  the  current 
will  be  increased  from  latitude  60  to  50,  in  its 
original  direction,  while  that  from  50  to  40  will 
be  reversed ; as  will  appear  more  clearly  from 


TABLE  IX.  Shewing  the  Alteration  of  Specific  Gravity  and  Elasticity  in  an 
Atmospheric  Column,  from  an  Increase  of  Temperature  at  the  Surface  of  the  Sphere 
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the  following  Tables,  in  which  the  change  is  made 
according  to  this  assumption. 
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TABLE  VII.  Shewing  the  Elasticity,  specific  Gravity, and  Temperature,  for  every  Ten  Degrees  of  Latitude,  of  an  Atmosphere  of  dry  Air  surrounding  a Sphere  unequally 
heated  from  the  Poles  to  the  Equator,  together  with  the  Decrease  of  each,  due  to  different  Elevations. 


Height. 

Latitudes  90  & 80 

Latitudes  8C 

I&70 

Latitudes  70 

i&OO 

Latitudes  60 

&50 

Latitudes  50 

.10 

Latitudes  40  & 30 

Latitudes  30  & 20 

Latitudes  20  h 10 

Latitudes  10  & 0 

F«.. 

ElM.. 

S.Gnv. 

Bal. 

S.  Gray. 

Dal. 

Elan. 

S.  Gray. 

Bal. 

Elan. 

S.  Grav. 

Bal. 

S.  Gray. 

Bal. 

EIMI. 

S.  Grav. 

Bal. 

Blast. 

S.  Gray. 

Bal. 

Elan.  Is.  Gray. 

Bal. 

Elaat. 

BaU 

0 

+ .178 

+ .178 

-- 

+ .387 

+ .387 

- 

+ .575 

+ .575 

- 

+ .810 

+ .810 

+1 .031 

+1 .034 

+.854 

+ .854 

+.648 

+.648 

+.447 

+.447 

+.208 

+.208 

1 

5000 

-.055 

+ .112 

+ .057 

-.055 

+.246 

+ .191 

-.086 

+ .367 

+ .281 

-.156 

+.531 

+ .375 

-.123 

+ .693 

+.570 

-.143 

+ .597 

+.454 

-.064 

+.456 

+ .392 

-.040 

+.322 

+.282 

-.023 

+.141 

+.118 

10000 

-.043 

+ .002 

+ .019 

-.094 

+.142 

+ .048 

-.169 

+ .214 

+ .015 

-.213 

+ .325 

+ .112 

-.232 

+.449 

+ .217 

-.193 

+.408 

+.215 

-.144 

+.309 

+ .165 

-.063 

+.222 

+.159 

-.041 

+.094 

+.053 

) Lower  Polar  Current. 

15000 

-.051 

+ .02S 

- .023 

-.133 

+ .070 

-.063 

-.191 

+ .101 

-.093 

-.260 

+ .170 

-.081 

+ .261 

-.035 

-.214 

+ .245 

+ .031 

-.159 

+.197 

+ .038 

-.114 

+.150 

+.036 

-.048 

+.056 

j 

20000 

-.073 

+ .001 

-.069 

-.133 

+ .021 

-.112 

-.210 

+ 025 

-.185 

-.217 

+ .0G8 

-.149 

-.365 

+.126 

-.239 

-.264 

+.133 

-.131 

-.138+.U4 

-.024 

-.163 

+.095 

-.068 

-.069 

+.024 

-.045 

25000 

-.065 

-.013 

-.078 

-.137 

-.015 

-.152 

-.212 

-.028 

-.2-10 

-.007 

-.272 

+ .029 

-.307 

-.il7 

+ .051 

-.196 

+ .052 

-.128 

-.125 

+.051 

-.074 

-.064 

+.010 

-.054 

1 Upper  Equatorial  Current. 

30000 

-.072 

-.023 

- .095] 

1-'" 

-.039 

-.202 

-.062 

-.264 

-.2&1 

-.057 

-.321 

-.286 

- .0.36 

-.322 

-.283 

-.008 

-.291 

-.178 

+.008 

-.170 

-.111 

+.021 

-.090 

-.059 

-.011 

-.070 

i 
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TABLE  X.  Shewing  the  Alteration  of  Direction  and 
Force  in  the  Atmospheric  Currents,  from  the  same 
Cause, 


Latitudes  60  and  50 

Latitudes  40  and  50 

Height. 

Elasticity. 

Sp.  Gravity. 

Balance. 

Elasticity. 

Sp.  Gravity. 

Balance. 

0 

— 

+ 2.560 

+ 2.560 

— 

+ 0.840 

+ 0.840 

5000 

-0.422 

+ 1.722 

+ 1.300 

-0.143 

+ 0.580 

+ 0.437 

10000 

— 0.638 

+ 1.100 

+ 0.462 

—0.193 

+ 0.380 

+ 0.187 

15000 

-0.770 

+ 0.710 

—0.060 

— 0.214 

+ 0.240 

+ 0.026 

20000 

— 0.846 

+ 0.300 

— 0.546 

-0.264 

+ 0.130 

-0.134 

25000 

— 0.848 

+ 0.070 

—0.778 

—0.247 

+ 0.050 

—0.197 

30000 

-0.833 

—0.009 

-0.842 

— 0.283 

-0.006 

—0.289 

Here  we  perceive  that  the  wind,  which  had 
blown  on  the  surface  from  latitude  60  to  50  with  a 
force  of  0.810  inches,  is  now  increased  to  2.560 
inches,  and  that  which  set  from  latitude  50  to  40, 
with  a force  of  1.034  inches,  now  blows  from  lati- 
tude 40  to  50  with  a force  of  0.840.  A corre- 
sponding change  of  velocity  and  direction  ensues  in 
the  upper  currents,  and  the  compensation  of  pres- 
sure thus  takes  place. 

From  the  nature  and  essential  properties  of 
a permanently-elastic  fluid,  it  follows  that  any 
cause  tending  to  diminish  gradually  its  specific  gra- 
vity at  the  base  of  a column,  or  to  augment  it  at  its 
summit,  must  affect  it  throughout  its  length ; so  that, 
if  its  heat  be  slowly  increased  below,  its  tempera- 
ture must  rise  from  one  extremity  to  the  other. 
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But  although  such  a change  may  take  place,  as 
has  just  been  demonstrated,  without  affecting  the 
length  of  the  equiponderant  column  of  mercury 
situated  at  the  lower  extremity,  the  barometer  will 
rise  at  all  higher  stations.  By  comparing  together 
Tables  VII.  and  IX.,  this  effect  will  be  easily  appre- 
ciated. The  augmentation  of  temperature  in  latitude 
50  from  32°  to  60°.8  takes  place  on  the  surface,  while 
the  mercurial  column  remains  at  30  inches ; but  at 
the  height  of  5000  feet  it  rises  from  23.949  inches 
to  24.215  inches,  making  a difference  of  0.266 
inches.  This  difference  increases  to  a certain  ex- 
tent with  the  elevation.  Corresponding  changes  for 
less  alterations  of  heat  are  readily  perceived  by  com- 
paring together  the  different  latitudes  of  Table  VII. 

The  cases  which  have  hitherto  been  proposed  have 
all  been  of  the  same  nature : the  alterations  of  tem- 
perature have  been  imagined  to  take  place  in  the 
sphere  itself,  and  from  it  to  have  been  slowly  com- 
municated to  the  atmosphere,  through  which  they 
have  spread  under  the  regular  modifications  due  to 
the  increasing  capacities  of  its  successive  strata. 
Let  us  next  consider  the  effect  which  would  be 
produced  by  the  heating  of  any  of  the  upper  layers, 
from  some  temporary  cause  not  originating  in,  or 
extending  to,  the  lower.  For  this  purpose,  in  the 
column  appropriate  to  latitude  30,  in  Table  VII.,  at 
the  fifth  station,  or  the  height  of  20,000  feet,  we 
will  suppose  an  increase  of  heat  to  take  place  of  10 
degrees.  This  increase  will  extend  upwards,  but 
the  inferior  portions  remain  of  their  original  tempe- 
rature. Now,  the  first  effect  of  this  change  will  be, 
an  augmentation  of  elasticity  in  the  upper  beds  of 
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the  atmosphere ; which,  exerting  its  force  upon  the 
high  equatorial  current,  will  accelerate  its  due  velo- 
city on  one  side,  and  retard  it  on  the  other.  The 
expanding  air,  not  being  laterally  confined  by  a 
proportionate  expansion  of  the  neighbouring  sec- 
tions, will  not  accumulate  above  ; but  will  flow  off, 
and  cease  its  vertical  pressure  upon  that  column. 
The  upper  regions  will  therefore  be  rarefied,  and 
become  lighter,  and  pressing  with  less  weight 
upon  the  lower,  the  barometer  will  fall  at  the 
surface  of  the  sphere  in  proportion  to  the  amount 
of  the  expansion.  This  effect  has  been  already 
explained  in  the  second  application  of  Fig.  2. 

Let  us  illustrate  this  action,  by  first  representing 
the  column,  so  partially  changed  in  temperature, 
upon  the  supposition  that  no  such'  compensation 
takes  place. 

TABLE  XI. — Shewing  that  a partial  Alteration  of  Tem- 
perature and  Specific  Gravity  in  an  Atmospheric  Column 
must  affect  the  Density  generally  by  mechanical  Ad~ 
justment. 


Height. 

Elasticity. 

Sp.  Gravity. 

Temperature. 

Regular.  Irregular. 

0 

30.000 

.93960 

60.8 

60.8 

5000 

24.215 

.78533 

44.6 

44.6 

10000 

19.531 

.65639 

27.9 

27.9 

15000 

15.739 

*53710 

10.0 

*20. 

20000 

12.673 

*.44890 

— 9.4 

* 0.6 

25000 

10.162 

*.37520 

— 31.2 

-^21.2 

30000 

SI  35 

*31360 

—55.9 

-*45.9 

30 


ON  AN  ATMOSPHERE  OF 


That  such  a succession  of  densities  would  result 
is  certain ; for  they  are  due  to  the  given  pressures 
and  temperatures  : and  it  is  also  certain  that  such 
a succession  could  not  exist  in  nature;  for  it  is 
contrary  to ‘the  fundamental  law  of  geometrical 
progression.  But  if  we  suppose  the  Barometer  to 
fall,  as  represented  in  the  following  Table,  the  regu- 
lar series  is  maintained. 

TABLE  XII. — Shewing  the  Fall  of  the  Barometer,  which 
would  be  occasioned  by  a partial  Alteration  of  Tempera- 
ture in  the  upper  part  of  an  Atmospheric  Column. 


Latitude  10. 

Height. 

Elasticity. 

Sp.  Gravity. 

Temperature. 

Irregular.  Regular. 

0 

*29.37 

.91990 

60.8 

60.8 

5000 

*23.70 

.76890 

44.6 

44.6 

10000 

*19.12 

.64270 

27.9 

27.9 

15000 

15.73 

.53710 

* 20 

10.0 

20000 

12.67 

.44890 

* 0.6 

— 9.4 

25000 

10.16 

.37520 

-*21.2 

—31.2 

30000 

8.13 

.31360 

-*45.9 

- 55.9 

The  density  of  an  elastic  fluid  is  the  result  of 
its  gravity  acting  upon  its  elasticity,  and  by  the  re- 
action of  these  two  powers  any  change  in  the  vertical 
column  is  instantaneously  communicated  throughout 
its  entire  length,  and  no  inequality  of  density  can 
for  a moment  exist. 

Let  us  now  imagine  that  the  local  accession  of 
heat,  instead  of  pervading  at  once  the  whole  of 
either  horizontal  section,  commences  at  some  de- 
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finite  point,  and  gradually  extends  itself  in  depth. 
To  render  the  march  of  this  effect  intelligible,  we 
will  consider  its  operation  at  several  stages  of  its 
progress.  We  will  first  endeavonr  to  appreciate 
the  influence  of  an  increase  of  5 degrees  of  heat, 
at  the  height  of  5000  feet  in  the  same  column  of 
latitude  30.  The  disturbing  cause  now  affects 
the  lower  current,  and  the  expanding  air,  not  being 
checked  by  a simultaneous  increase  of  elasticity 
in  the  adjoining  columns,  rushes  forwards  with  ac- 
celerated velocity.  The  diminution  of  density  oc- 
casioned by  the  excessive  drain,  is  distributed 
throughout  the  column  by  mechanical  adjustment. 
The  results  are  as  follow  : 

TABLE  XIII. — Shewing  the  Effect  upon  the  Barometer 
of  a partial  Increase  of  Temperature  at  an  elevation  of 
5000  Feet. 


Latitude  30. 

Height. 

Elasticity. 

Sp.  Gravity. 

Temperature. 

Irregular.  Regular. 

0 

*29.68 

.92973 

60.8 

60.8 

5000 

24.21 

.77713 

*49^6 

44.6 

10000 

*19.32 

.64957 

27.9 

27.9 

15000 

*15.57 

J.  5 482 9 

10.0 

10.0 

20000 

*12.53 

.45373 

— 9.4 

— 9.4 

25000 

*10.05 

.37921 

-31.2 

-31.2 

30000 

1*  8.05 

.31690 

—55.2 

— 55.2 

The  gradual  extension  of  the  same  increase  of 
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heat  to  the  height  of  10000  feet,  produces  the  follow- 
ing arrangement: 

TABLE  XIV. — Shewing  the  Effect  upon  the  Barometer 
of  an  Extension  of  the  Increase  of  Temperature  to  10000 
Feet, 


Latitude  30 

Height. 

Elasticity. 

Sp,  Gravity. 

Temperature. 

Irregular.  Regular. 

0 

*29.37 

.91990 

60.8 

60.8 

5000 

*23.95 

.76890 

*49.6 

44.6 

10000 

19.32 

.64270 

*32.9 

27.9 

15000 

*15.41 

!53710 

10. 

10. 

20000 

*12.40 

.44890 

— 9.4 

- 9.4 

25000 

* 9.94 

.37520 

—31.2 

31.2 

30000 

* 7.96 

.31360 

— 55.9 

-55.9 

Thus  it  appears  that  the  fall  of  the  Barometer 
would  be  proportionate  to  the  extent  to  which  the 
rise  of  temperature  would  reach  in  this  progressive 
manner.  A small  increase,  thus  operating,  produ- 
ces the  same  amount  of  depression,  as  if  a greater 
expansion  had  been  exerted  in  a more  limited  space. 
The  following  Table  presents  the  effect  upon  the 
Barometer  of  a gradual  rise  of  two  degrees  of  tem- 
perature, from  5000  to  25,000  feet. 


TABLE  XV.  Shewing  the  Effect  upon  the  Barometer  of  a small  partial  Increase  of  Temperature^ 
gradually  extending  itself  throughout  the  Column, 
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In  the  full  effect  of  these  three  examples,  represented  in  Tables  XII.,  XIV.,  and  the  last 
column  of  Table  XV.,  the  progression  of  density  is  the  same;  and  the  barometer  falls  to  the 
same  amount  at  the  base  of  the  column. 


The  limit  of  the  action  of  the  irregular  expansion  of  aerial  column  is  fixed,  not  only  by 
its  amount  and  progress,  but  also  by  the  compensating  effects  of  the  contiguous  sections.  Its 
influence  upon  the  lateral  currents  is  calculated  below. 
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From  Latitude  40  to  30,  it  will  be  observed,  that 
the  force  of  the  polar  current  is  greatly  increased ; 
while  from  30  to  20,  it  is  reversed.  The  different 
modifications  of  the  heating  process  produce  dif- 
ferent adaptations  of  the  upper  currents,  which  the 
comparison  of  the  several  tables  will  sufficiently 
explain. 

It  may  readily  be  imagined,  that  irregularities 
thus  introduced  into  these  compensating  move- 
ments, the  consequence  of  diminished  mechanical 
pressure,  must  of  themselves  be  liable  to  produce 
changes  of  temperature  in  the  columns,  foreign  to 
the  natural  gradation  ; and  that,  amongst  others,  the 
atmosphere,  in  its  upper  parts,  may  be  liable  to 
greater  depression  of  heat  than  would  be  due  to 
the  elevation  alone.  A gradual  process  of  cooling 
taking  place  in  the  higher  portions  of  a body  of 
air,  would  communicate  itself  to  the  whole  mass, 
in  an  analogous  manner  to  the  equal  diffusion 
which  would  ensue  from  the  slow  communication 
of  heat  to  the  lower  parts  ; that  is  to  say,  without 
producing  any  effect  upon  the  Barometer,  at  the 
surface  of  the  sphere,  or  any  irregularity  in  the  gra- 
dation of  temperature.  But  where  the  change  is 
effected  suddenly,  by  the  admixture  of  a large 
body  of  cold  air,  a mechanical  effect  is  produced 
by  the  increased  pressure  of  the  mass ; and  the  equi- 
librium of  density  takes  place  before  the  proper  ad- 
justment of  temperature.  An  atmosphere  hence 
results,  whose  heat  decreases  in  a proportion  greater 
than  is  due  to  the  decrease  of  density.  The  effect 
is  analogous  to  that  which  arises  from  an  irregular 
increase ; and  the  Barometer  must  rise  to  equalize 
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the  specific  gravity.  The  following  Table  has  been 
constructed  upon  the  supposition  of  a depression  of 
temperature  of  ten  degrees,  taking  place  in  the 
column  of  air  at  latitude  30,  and  extending  at  once 
from  the  height  of  1000  feet  to  15000. 

TABLE  XVII.  Shewing  the  Rise  of  the  Barometer,  occa- 
sioned hy  the  sudden  partial  Reduction  of  Temperature  in 
an  Atmospheric  Column, 


Latitude  30. 

Height, 

Elasticity. 

Sp.  Gravity. 

Temperature. 

Irregular. 

Regular. 

0 

*30.626 

.95917 

60.8 

60.8 

5000 

*24.715 

.80166 

44.6 

44.6 

10000 

19.531 

. 67007 

*17.9 

27.9 

15000 

15.739 

. 56003 

* 0. 

10. 

20000 

*12.933 

.46805 

— 9.4 

- 9.4 

25000 

*10.371 

.39127 

-31.2 

— 31.2 

30000 

* 8.305 

.32697 

-55.9 

-55.9 

The  corresponding  effects  upon  the  upper  and 
lower  currents  are  deduced  below. 


TABLE  XVIII . Shewing  the  Effect  upon  the  Currents  of 
the  preceding  Change, 


Height. 

Latitudes  30  and  40 

Latitudes  30  and  20 

Elasticity. 

Sp.  Gravity. 

Balance. 

Elasticity. 

Sp.  Gravity. 

Balance. 

0 

5000 

10000 

15000 

20000| 

25000' 

30000| 

+ 0.626 
+ 0.643 
+ 0.  193 
+ 0.214 
+ 0.524 
+ 0.456 
+ 0.453 

-0.234 
—0.075 
+ 0.041 
+ 0. 120 
+ 0. 172 
+ 0.207 
+ 0.223 

+ 0.392 
+ 0.568 
+ 0.234 
+ 0.334 
+ 0.696 
+ 0.449 
+ 0.676 

+ 0 626 
+ 0.336 
-0.  144 
-0. 159 
+ 0. 122 
+ 0.029 
-0.008 

+ 1.284 
+ 0.989 
+ 0.765 
+0.568 
+ 0.419 
+ 0.313 
+ 0.224 

+ 1.910 
+ 1.325 
+ 0.621 
+ 0.409 
+ 0.541 
+ 0.342 
+ 0.216 
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It  is  not  required  here  to  point  out  all  the  means 
by  which  such  changes  of  heat  as  we  have  repre- 
sented may  be  effected ; or  to  trace  further  the  end- 
less modifications  of  densities  and  currents  which 
would  result  from  their  different  applications  : it  is 
sufficient,  at  present,  to  have  shewn  that,  supposing 
them  to  arise,  certain  general  consequences  must 
follow.  Neither  in  the  tables  which  I have  con- 
structed must  absolute  accuracy  be  expected  ; the 
decimal  mode  of  calculation  which  I have  adopted, 
did  not  admit  of  precision,  without  a degree  of  la- 
bour, which  would  have  been  disproportionate  to 
the  object  which  I have  in  view.  The  different 
series  of  densities  are  at  all  times  in  geometrical 
progression  to  the  heights,  and  they  should  be  pre- 
cisely compounded  of  the  pressures  and  tempera- 
tures with  which  they  are  joined,  reckoning  as  1 the 
specific  gravity  of  air  at  32°,  and  under  a pressure 
of  30  inches  of  Mercury  of  the  same  temperature. 
These  conditions  the  tables  generally  fulfil  to  one 
or  two  places  of  decimals  ; but  as  the  calculations 
have  been  made  one  under  the  other,  the  remain- 
ders, which  were  of  no  consequence  in  the  original 
sums,  have  become  appreciable  quantities  by  the 
various  successive  multiplications  and  divisions. 
The  errors,  however,  are  in  no  case  so  large  as  to 
interfere  with  the  general  principles  which  it  is 
my  aim  to  establish. 

We  have  hitherto  contemplated  these  changes 
with  reference  to  the  particular  column  of  the  at- 
mosphere in  which  they  had  their  origin  ; we  must 
now  endeavour  to  trace  their  effects  upon  those 
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with  which  they  are  connected.  We  must  recol- 
lect, that  it  has  been  established,  as  a principle,  that 
the  equal  height  of  the  Barometer,  in  every  situa- 
tion upon  the  surface  of  the  sphere,  was  dependant 
upon  the  maintenance  of  the  equatorial  and  polar  cur- 
rents, with  a certain  determinate  velocity  in  the  dif- 
ferent parts  of  their  courses,  and  that  no  dispropor- 
tionate alteration  or  interruption  in  these  could  take 
place  without  a corresponding  effect  upon  the  mercu- 
rial column.  Now,  upon  a reference  to  Tables  VII. 
and  VIII.,  it  will  be  found,  that,  to  keep  the  Barome- 
ter at  30.000  inches  under  Latitude  40,  a current  is 
required  of  the  force  of  0,854  inches  towards  Lati- 
tude 30,  counterbalanced  by  one  in  the  contrary 
direction,  of  the  force  of  0.291  inches  at  the  eleva- 
tion of  30000  feet : but  by  the  unequal  alteration 
of  temperature  shewn  in  Table  XIV.,  the  current 
at  the  surface  is  increased  to  2.07  inches,  and  con- 
tinues with  diminishing  force  to  the  height  of  30000 
feet  in  the  same  direction.  It  is  clear,  therefore, 
that  a much  greater  drain  takes  place  upon  this 
Latitude,  without  an  adequate  compensating  sup- 
ply,— ^the  Barometer  must,  therefore,  fall  through- 
out the  column.  This  fall,  it  will  be  observed,  may 
take  place  without  any  disturbance  of  the  tempe- 
rature. The  atmosphere  incumbent  upon  Latitude 
20,  will  be  similarly  affected  by  the  same  change 
of  temperature  at  Latitude  30.  In  its  original  state, 
the  lower  polar  current  flows  upon  the  surface  with 
a force  of  0.648  inches,  and  feeds  this  column  with 
a supply  of  air.  It  is  balanced  at  the  height  of 
30000  feet  by  an  equatorial  current  of  0.170  inches. 
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The  course  of  the  former  is  now  reversed,  and  the 
drain  is  increased  in  the  contrary  direction.  A 
rapid  fall  of  the  Barometer  must,  therefore,  ensue. 

On  the  other  hand,  an  increased  afflux  of  air, 
beyond  the  usual  supply,  to  any  portion  of  the  at- 
mosphere, occasioned  by  the  expansion  of  any  of 
the  neighbouring  parts,  must  cause  an  increase  of 
density ; and  the  equiponderant  column  will,  of 
course,  be  lengthened.  It  is  easy  to  perceive,  that 
these  secondary  effects  must  widely  extend  the  in- 
fluence of  the  original  disturbing  cause ; and  it  is 
obvious,  that  every  depression  of  the  Barometer 
must  be  accompanied  by  an  equivalent  rise  in  dis- 
tant parts  of  the  elastic  medium,  and  vice  versa. 
The  local  impulse  extends  its  influence  in  this,  as  in 
all  other  fluids,  by  the  laws  of  undulation.  The  mean 
pressure,  at  any  moment  of  time,  of  all  the  waves 
upon  the  surface  of  the  sphere,  will  be  the  pressure 
of  the  atmosphere  at  rest,  and  the  average  of  a large 
number  of  oscillations  at  any  particular  spot  will 
approximate  to  the  same  quantity. 

I have  thus  attempted  to  shew  that  the  proximate 
cause  of  the  fall  of  the  Barometer,  at  the  surface 
of  the  sphere,  in  an  atmosphere  constituted  as  our 
postulates  have  required,  may  be  an  increase  of 
elasticity  in  its  upper  parts,  beyond  what  is  due  to 
their  respective  elevations  ; and  of  its  rise  an  ana- 
logous decrease  in  the  same  situations.  These 
changes  I have  endeavoured  to  exhibit,  as  affecting 
directly  the  columns  themselves  in  which  the  tempe- 
rature varies,  and  remotely  the  adjoining  columns, 
from  their  influence  upon  the  lateral  currents.  This 
influence  we  have  hitherto  contemplated  as  extend- 
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ing  only  in  the  direction  from  the  poles  to  the  equator 
or  from  the  equator  to  the  poles  ; as  if  the  changes  of 
temperature  which  we  have  supposed,  had  extended, 
under  the  same  parallel  of  latitude,  round  the  sphere. 
The  course  of  our  argument  now  requires  that  we 
should  shortly  consider  the  same  changes,  as 
bounded  in  their  longitudinal  as  well  as  in  their 
latitudinal  extent.  For  this  purpose,  we  must  sup- 
pose our  sphere  to  be  divided  into  sections  of  10 
degrees  at  right  angles  to  the  former  division. 

Now,  the  arrangement,  represented  in  Tables 
VII.  and  VIIL,  resulted  from  the  temperature  of  the 
sphere  itself,  which  we  supposed  to  increase  in 
heat  in  a regular  progression  from  the  poles  to  the 
equator ; and  the  set  of  the  aerial  currents,  under 
such  circumstances,  must  necessarily  be  from  north 
to  south,  and  from  south  to  north.  But  let  us  ima- 
gine that  the  local  increase  of  heat,  which  is  repre- 
sented in  Tables  IX.  X.,  is  not  only  confined  to  10 
degrees  of  latitude,  but  also  to  10  degrees  of  longi- 
tude: it  will  then  be  obvious  that  there  will  be 
currents  established  at  right  angles  to  the  former 
winds;  and  they  will  all  tend  to  compensate  the 
irregularity  which  has  been  introduced.  The  fol- 
lowing Tables  present  the  results  of  the  calculation 
of  these  eastern  and  western  currents. 
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TABLE  XIX.  Shewing  the  Effects  upon  the  Atmospheric 
Columns  of  a general  Alteration  of  Temperature  in  the 
direction  of  the  Longitude, 


Longitude  20  and  360 

Longitude  10. 

Height. 

Elasticity. 

Sp.  Gravity. 

Temp. 

Elasticity. 

Sp.  Gravity. 

Temp. 

0 

30.000 

1.00000 

32. 

30.000 

.93960 

60.8 

5000 

23.949 

.82656 

14.8 

24.215 

.78533 

44.6 

10000 

19.106 

.68321 

— 3.1 

19.531 

.65639 

27.9 

15000 

15.229 

.56472 

-22.4 

15.739 

.54863 

10. 

20000 

12.044 

.46677 

-43.6 

12.673 

.45856 

-9.4 

25000 

9.579 

.38582 

-67.5 

10.162 

.38327 

— 31.2 

30000 

7.566 

.31890 

-95.1 

8.135 

.32035 

— 55.9 

TABLE  XX.  Shewing  the  Force  of  the  Currents 
occasioned  by  the  preceding  Alterations, 


Height. 

Longitudes  360  or  20  and  10. 

Elasticity. 

Sp.  Gravity. 

Balance. 

0 

0 

+ 1.929 

+ 1.929 

5000 

— .266 

+ 1.301 

+ 1.035 

10000 

— .425 

+ 0.837 

+ 0.412 

15000 

— .510 

+ 0.496 

—0.014 

20000 

— .629 

+ 0.251 

-0.378 

25000 

-.583 

+ 0.076 

—0.507 

30000 

— .569 

-0.043 

—0.612 

But  that  portion  of  the  atmosphere  which  thus 
rushes  to  supply  the  place  of  the  air  which  has  been 
rarefied  within  the  prescribed  limits,  is  already,  as 
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we  have  seen,  in  motion  from  the  pole  to  the  equa- 
tor : its  course  will,  therefore,  be  intermediate  be- 
tween the  two  forces  which  impel  it,  and  it  will 
reach  its  destination  with  a northern  or  southern  de- 
flection. It  will  not  be  necessary  to  enter  into  the 
calculation  of  other  cases  of  disturbance  with  the 
same  limitations  of  longitude,  as  it  is  obvious  that 
analogous  effects  must  follow ; and  easterly  or  west- 
erly currents,  differently  modified  in  direction  and 
force,  must  result,  whenever  partial  alterations  of 
density  take  place,  either  from  the  immediate  effects 
of  expansion,  or  from  change  of  mechanical  pres- 
sure. The  examples  which  have  been  adduced  will 
be  sufficient  to  illustrate  the  nature  and  operation  of 
certain  general  principles,  whose  application  is 
almost  infinite. 

There  is,  however,  one  more  view  of  the  subject 
which  may  assist  us  in  our  after-application  of  these 
particulars  to  the  intricacies  of  atmospheric  changes. 
Referring  back  again  to  Tables  VII.  and  VIIL,  let  us 
now  suppose  an  increase  often  degrees  of  tempera- 
ture to  take  place  along  the  whole  extent  of  any 
given  meridian,  and  a decrease  of  equal  amount  at 
the  opposite  point;  and  let  all  the  meridians  on 
each  side  be  similarly  affected  in  a ratio  between 
the  two.  The  distribution  of  heat  upon  these  two 
lines,  and  the  two  intermediate,  would  be  as  fol- 
lows, for  every  ten  degrees  of  latitude. 
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TABLE  XXL  Shewing  the  Distribution  of  Heat  all  over 
the  Sphere,  upon  the  supposition  of  a gradual  Increase 
of  Heat  between  the  opposite  Meridians, 


Longitude 

270 

Longitude 

0 

Longitude 

90 

Longitude 

180 

Lat.  90 

0 

10. 

0 

— 10. 

Lat.  80 

3.  2 

13.2 

3.2 

— 6.8 

Lat.  70 

9.6 

19.6 

9.6 

— 0 4 

Lat.  60 

19.2 

29.2 

19  2 

+ 9.2 

Lat.  50 

32. 

42. 

32. 

22. 

Lat.  40 

48. 

58. 

48. 

38. 

Lat.  30 

60.8 

70.8 

60  8 

50.8 

Lat.  20 

70.4 

80.4 

70.4 

60.4 

Lat.  10 

76.8 

86.8 

76.8 

66.8 

Lat.  0 

80. 

90. 

80. 

70. 

This  increase  of  heat,  we  are  further  to  imagine  to 
take  place,  throughout  the  respective  columns,  in  so 
gradual  a manner  as  not  to  affect  the  barometer  at 
their  bases. 

Then  will  there  be  two  currents  established  upon 
the  surface  of  the  sphere,  in  opposite  directions  on 
either  side  of  the  cold  meridian  towards  the  hotter, 
with  a force  of  1.304  inches ; or  rather,  the  body  of 
the  air,  which  was  before  in  motion  from  north  to 
south,  will  now  be  deflected  with  this  force  to  the 
east  and  west ; and  the  whole  lower  atmosphere, 
excepting  upon  these  lines  where  the  effect  would 
be  null,  will  move  from  the  poles  to  the  equator, 
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with  a greater  or  less  bend  to  the  east  and  west. 
If  the  cause  producing  this  variation  of  heat  be 
supposed  to  move  round  the  sphere  from  east  to 
west,  then  will  every  meridian,  in  succession,  be 
subjected  to  alternations  of  eastern  and  western 
currents. 

All  our  reasoning  has  hitherto  been  applied  to  a 
sphere  at  perfect  rest  in  itself:  we  will  now  give  it 
motion,  and  suppose  it  to  turn  upon  its  poles  with  a 
certain  regular  velocity  from  west  to  east.  We 
will,  however,  continue  the  supposition  of  equal 
gravity,  and  put  out  of  consideration,  for  the  pre- 
sent, the  effect  of  centrifugal  force.  Since  this 
rotatory  motion  must  be  greatest  at  the  equator,  and 
is  directed  eastward,  the  air,  in  its  passage  from  the 
poles,  not  having  attained  the  maximum  velocity, 
will  have  a relative  motion  westwards  ; and  hence, 
the  combined  motion  of  the  wind  will  be  directed  in 
the  northern  hemisphere  from  north-east  to  south- 
west ; and  in  the  southern,  from  south-east  to  north- 
west. Whenever  this  apparent  tendency  coincides 
with  an  actual  impulse  in  the  same  direction,  de- 
rived from  other  sources,  it  will  augment  its  force ; 
and  when  opposed  to  one  in  a contrary  direction,  it 
will  tend  to  neutralize  it.  Thus,  in  the  supposition 
which  has  been  made  above,  of  an  accession  of 
temperature  upon  the  whole  of  any  one  meridian, 
the  current,  which  we  found  would  thence  arise 
from  the  east  towards  that  meridian,  would  be  in- 
creased by  this  further  mechanical  impulse ; while 
the  western  current  on  the  opposite  side  would  be 
decreased,  if  not  annihilated. 

But  as  the  lower  polar  current  would  thus  have  a 
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relative  western  direction,  with  regard  to  the 
motion  of  the  sphere  itself,  so  the  upper  equatorial 
current  would  have  an  absolute  movement  in  the 
contrary  direction.  The  particles  of  air,  which  are 
transported  from  the  polar  regions  to  the  equator, 
have  not  time  to  assume  the  velocity  of  the  different 
parallels  of  latitude  as  they  reach  them ; and  are, 
therefore,  necessarily  behind  them,  as  they  revolve. 
To  other  bodies,  therefore,  possessing  that  velocity, 
they  oppose  a resistance  which  appears  to  come 
from  the  eastern  quarter.  Those,  however,  which 
are  transported  above  from  the  equator  to  the  poles, 
have  an  excess  of  absolute  motion  from  west  to  east 
above  those  parts  of  the  globe  towards  which  they 
are  carried.  Now,  as  the  heating  power,  which  is 
the  main-spring  of  all  the  motions  of  the  atmo- 
sphere, is  supposed  to  be  in  the  sphere  itself,  it  fol- 
lows that  the  upper  parts,  which  are  most  remote 
from  it,  will  become  cooled ; while  those  which  are 
nearer  to,  or  in  contact  with  it,  maintain  their  proper 
temperature.  As  they  cool,  they  of  course  become 
specifically  heavier  and  descend ; their  place  being 
supplied  by  the  subjacent  warmer  strata.  Another 
kind  of  circulation  is  thus  established  in  a direction 
perpendicular  to  the  horizontal  currents  which  we 
have  been  considering,  and  in  no  wise  interfering 
with  them.  If  we  consider,  therefore,  the  motion  of 
any  one  particle  of  air,  we  shall  find  that  its  course 
has  an  angular  direction  compounded  of  these  two 
motions. 
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Fig.  IV. 


E 


Let  A B,  Fig.  IV.,  represent  an  upper,  and  C D 
an  under,  current,  moving  with  equal  velocities 
in  opposite  directions.  Let  us  take  any  particle 
in  the  higher  E,  and  suppose  it  to  assume  a den- 
sity greater  than  is  due  to  its  situation,  then  will 
its  course  be  from  E to  F,  in  an  inclined  direc- 
tion, resulting  from  the  two  forces  which  solicit  it. 
If  we  follow  it  further,  we  shah  find  that  one  of 
these  forces  ceases  its  action,  and  gives  place  to 
another  in  a contrary  direction ; its  path  wiU  then 
be  from  F to  G,  resulting  from  the  other  force,  which 
continues  its  action,  and  the  new  impulse  which  it 
now  receives.  In  this  manner  may  an  interchange 
of  particles  be  kept  up  between  the  two  principal 
currents,  without  at  all  interfering  with  their  courses. 
We  have,  however,  just  observed,  that  the  upper 
equatorial  current  is  endued  with  a movement  of  ro- 
tation from  west  to  east  greater  than  that  of  the 
polar  latitudes  towards  which  it  is  carried;  this 
impulse,  being  unopposed,  must  be  borne  by  the 
particles  in  their  descent  from  the  higher  to  the 
lower  stream ; and  the  consequence  must  be,  that 
the  latter  will  be  deflected  from  its  course ; and  the 
northern  current  will  receive  a westerly  direction  at 
the  point  where  this  influence  reaches  its  stream 
with  sufficient  power. 


PERMANENTLY-ELASTIC  FLUID. 


47 


We  have  thus,  by  gradual  stages,  obtained  some 
insight  into  the  properties  of  an  atmosphere  of  per- 
manently-elastic  fluid,  surrounding  and  gravitating 
towards  a sphere  of  unequal  temperature,  increasing 
from  the  poles  to  the  equator,  and  revolving  upon  its 
axis  with  equal  and  definite  velocity.  Its  state  of 
equilibrium,  which  it  must  always  be  striving  to 
attain,  by  whatever  obstacles  opposed,  is  main- 
tained by  two  grand  systems  of  currents,  equally 
balanced,  varying  in  force  and  direction,  and 
originating  partly  from  differences  of  density,  and 
partly  from  relations  to  the  rotatory  movement. 
The  principal  circulations  are  in  a horizontal  di- 
rection from  the  poles  to  the  equator,  in  the  lower 
system ; and  from  the  equator  to  the  poles,  in  the 
upper:  and  in  a vertical  direction,  a constant  inter- 
change of  particles  between  the  superior  and  in- 
ferior strata.  These  motions  are  effected  by  means 
of  differences  of  temperature  and  consequent  dif- 
ferences of  density.  Subordinate  to  them,  are  two 
partial  and  local  currents,  which,  as  they  arise  from 
the  rotation  of  the  axis  of  the  sphere,  are  in  a direc- 
tion at  right  angles  to  the  former,  and  opposed  to 
each  other.  The  conjunction  of  these  forces  pro- 
duce certain  deflections  from  the  primary  directions ; 
but,  as  the  upper  and  lower  systems  are  oppositely 
affected  throughout,  they  compensate  each  other’s 
motions,  and  their  combined  pressure  is  the  same  in 
every  part.  In  this  nicely -balanced  order  of  things, 
we  have  seen  how  slight  irregularities  of  temperature 
might  produce  great  disturbances,  and  we  have  traced 
various  expansions  and  contractions,  which  acting  un- 
equally upon  the  antagonist  currents,  would  destroy 
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the  adjustment  of  their  several  velocities.  Accumu- 
lations in  some  parts,  and  corresponding  deficiencies 
in  others,  would  hence  arise,  the  amount  of  which 
would  be  weighed  by  the  barometer.  These,  in 
seeking  to  regain  their  proper  level,  and  struggling 
to  restore  the  equilibrium,  would  give  rise  to  tem- 
porary and  variable  winds,  which  would  modify  the 
regular  currents,  and  often  reverse  their  courses. 

Having  established  these  several  particulars,  as  I 
think,  upon  fixed  and  acknowledged  principles,  I 
shall  now  proceed  to  investigate  the  second  division 
of  my  proposed  inquiry. 
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On  the  Habitudes  of  an  Atmosphere  of  Pure  Aqueous 
Vapour. 


In  the  first  part  of  this  treatise  I have  considered 
the  habitudes  of  an  atmosphere  of  perfectly  dry 
and  permanently- elastic  fluid:  the  second  branch 
of  the  investigation  leads  me  to  the  consideration 
of  an  atmosphere  of  pure  unmixed  aqueous  vapour. 
I shall  first  contemplate  it,  in  this  as  in  the  former 
case,  as  surrounding  a sphere  of  uniform  tempera- 
ture throughout,  w^hich  we  must  now  suppose  to 
be  covered  with  water.  This  temperature  we  will 
fix  at  32°,  as  in  our  first  hypothesis  of  the  perma- 
nently-elastic  fluid.  It  will  not  be  necessary  here 
to  make  any  distinction  between  water  in  its  fluid, 
and  in  its  solid,  state : ice,  as  well  as  water,  it  has 
been  well  ascertained,  yields  vapour  of  elasticity 
proportionate  to  its  temperature  ; the  general  term 
may,  therefore,  be  employed  without  impropriety. 

Now  the  elastic  force  of  steam,  for  the  different 
degrees  of  heat  within  the  range  of  atmospheric 
temperature,  has  been  determined  with  very  great 
precision.  The  following  Table,  extracted  from  the 
works  of  Mr.  Dalton,  includes  the  results  as  far  as 
they  are  necessary  to  our  present  purpose  : — 
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TABLE  XXII . Shewing  the  elastic  Force  of  Vapour 
for  every  Degree  from  0°  to  90°. 


Temp. 

Prestore. 

Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

0 

0.064 

22 

0.139 

45 

0.316 

68 

0.676 

1 

.066 

23 

.144 

46 

.328 

69 

.698 

2 

.068 

24 

.150 

47 

.339 

70 

.721 

3 

.071 

25 

.156 

48 

.351 

71 

.745 

4 

074 

26 

.162 

49 

.363 

72 

.770 

5 

.076 

27 

.168 

50 

.375 

73 

.796 

6 

.079 

28 

.174 

51 

.388 

74 

.823 

7 

.082 

29 

.180 

52 

.401 

75 

.851 

8 

.085 

30 

. 186 

53 

.415 

76 

.880 

9 

.087 

31 

. 193 

54 

.429 

77 

.910 

10 

.090 

32 

.200 

55 

.443 

78 

.940 

11 

.093 

S3 

.207 

56 

.458 

79 

.971 

12 

.096 

34 

.214 

57 

.474 

80 

1.000 

13 

.100 

35 

.221 

58 

.490 

81 

1.040 

14 

.104 

36 

.229 

59 

.507 

82 

1.070 

15 

.108 

37 

.237 

60 

.524 

83 

1.100 

16 

.112 

38 

.245 

61 

.542 

84 

1.  140 

17 

.116 

39 

.254 

62 

.560 

85 

1.170 

18 

.120 

40 

.263 

63 

.578 

86 

1.210 

19 

.124 

41 

.273 

64 

.597 

87 

1.240 

20 

. 129 

42 

.283 

65 

.616 

88 

1.280 

21 

.134 

43 

.294 

66 

.635 

89 

1.329 

44 

.305 

67 

.655 

90 

1.360 
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According  to  this  Table,  with  the  temperature  at 
32°,  the  equiponderant  column  of  mercury  would  be 
.200  inch;  and  it  would  be  the  same  at  every 
part  of  the  surface.  The  density  of  the  vapour,  like 
that  of  the  gaseous  atmosphere,  and  for  the  same 
reasons,  must  decrease  in  a geometrical  progression 
for  equal  perpendicular  distances,  and  the  tempe- 
rature will  decline  with  it.  The  ratio,  however,  of 
its  diminution  will  be  very  different. 

To  exemplify  the  calculation,  we  will  take  the 
height  of  10000  feet.  We  must  first  find  the  height 
of  an  homogeneous  atmosphere  of  such  vapour  equi- 
valent to  .200  inch  of  Mercury.  Its  specific  gra- 
vity, compared  to  dry  air,  is  as  2.317  to  557.800,  or 
as  the  weights  of  a cubic  foot  of  each  respectively ; 
therefore,  2.317  : 557.800::  10500  : 2527794  then 
2527794  x 0.2  inch=505558  inches=42129  feet. 

Height  of  Modulus  of  Difif.  of  Log. 

Homogeneous  Vap.  Given  height.  Logaiithm.  of  Densities. 

and  42129  : 10000::  .4342945  : .1030868 

Density,  at  32° 

Log.  of.200=.3010300 
-.1030868 

' Density,  at  250 

=:.1979482=Log.  of. 157 


At  the  height,  therefore,  of  10000  feet,  the  mer- 
curial column,  which  the  atmosphere  would  sup- 
port, would  only  be  .157  inch,  and  the  constituent 
temperature  of  vapour  of  this  degree  of  elasticity 
is  25°.  In  this  manner  the  following  Table  was 
constructed  of  the  elasticity,  density,  and  tempera- 
ture of  such  an  atmosphere  as  we  are  now  content- 
plating,  at  different  heights : — 

E 2 
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TABLE  XXIII.  Shewing  the  Decrease  of  Density  and 
Temperature  in  an  Atmosphere  of  Aqueous  Vapour ^ of 
the  force  0/.2OO  inch  at  different  Elevations. 


Height  in 
Feet. 

Elasticity. 

Density. 

Terap. 

0 

0.  200 

1.000 

32 

5000 

. 177 

.890 

28.5 

10000 

. 157 

.790 

25 

15000 

.140 

.708 

22 

20000 

.124 

.636 

19 

25000 

. no 

.577 

16 

30000 

. 100 

.518 

13 

With  such  an  arrangement,  there  would  be  per- 
fect equilibrium,  and  consequently  perfect  rest,  all 
over  the  sphere.  No  precipitation  or  evaporation 
would  take  place,  and  the  atmosphere  would  re- 
main transparent  and  undisturbed.  Such  also  must 
be  the  state  to  which  an  atmosphere  of  vapour  would 
strive  to  attain,  notwithstanding  any  obstacles  which 
might  be  opposed  to  it.  Hence  we  may  also  infer 
that,  if  condensation  were  to  take  place  in  any  part 
of  such  an  atmosphere,  evaporation  must  follow  in 
other  parts  to  maintain  the  balance  of  forces  ; and 
■conversely,  that  evaporation  must  be  accompanied 
by  precipitation. 

Should  the  temperature  of  the  sphere  rise  gra- 
dually and  equally  over  all  its  surface,  the  elasti- 
city of  the  steam  would  increase  with  it,  without 
disturbance  ; and,  following  its  own  law  of  decrease 
for  its  different  elevations,  would  remain  perfectly 
transparent. 
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In  considering  the  second  modification  of  cir- 
cumstances, that,  namely,  of  the  temperature  of  the 
sphere  increasing  from  the  poles  to  the  equator,  we 
must  first  observe,  that  a pure  unmixed  atmosphere 
of  vapour  could  not  follow  such  a gradation.  The 
elasticity  of  the  whole  would  be  determined  by  that 
of  the  lowest  point;  and  the  water  would  distil 
from  the  hottest  point  to  the  coldest,  with  such  ra- 
pidity, as  to  occasion  strong  ebullition  at  the  former. 
The  condensation  of  vapour  may  be  effected,  not 
only  by  decrease  of  temperature,  but  by  increase 
of  pressure : it  is  not  necessary,  therefore,  that  it 
should  pass  from  the  hottest  to  the  coldest  point  to 
be  precipitated,  which  would  be  a gradual  process, 
but  the  elastic  force,  arising  from  an  increase  of 
density  at  one  extremity,  would  instantly  be  felt  at 
the  other ; the  impression  being  conveyed  as 
through  a spring.  The  best  illustration  of  this  ef- 
fect may  be  derived  from  the  Cryophorous  of  Dr. 
Wollaston,  in  which  the  force  of  the  vapour  is  so 
much  reduced  by  the  cold  applied  to  one  extremity 
of  the  instrument,  as  speedily  to  produce  congela- 
tion at  the  other  by  the  rapidity  of  the  consequent 
evaporation.  For  our  present  purpose,  however, 
we  must  put  out  of  our  consideration  the  rapidity 
of  this  action,  and  imagine  the  passage  of  the  va- 
pour from  one  point  to  another  to  be  so  mechani- 
cally retarded,  as  to  enable  it  to  assume  the  grada- 
tions due  to  the  heat  of  the  sphere.  We  may  then 
estimate  the  relative  force  and  pressure  of  two  of 
the  perpendicular  columns  at  different  stations.  The 
following  table  represents  the  state  of  the  vapour  at 
the  equator  supposing  the  temperature  SO'’  as  before. 
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TABLE  XXIV.  Shewing  the  Decrease  of  Density  and 
Temperature  in  an  Atmosphere  of  Aqueous  Vapour  of 
the  force  <^1.000  Inch  at  different  Elevations* 


Height. 

Elasticity. 

Density. 

Temp. 

0 

1.000 

4.571 

80. 

5000 

.897 

4.115 

76.5 

10000 

.804 

3.682 

73. 

15000 

.722 

3.356 

70. 

20000 

.648 

3.026 

67. 

25000 

.581 

2.723 

63. 

30000 

,521 

2.487 

60. 

By  comparing  these  results  with  the  last  Table, 
it  will  be  observed,  that,  unlike  the  case  of  the  per- 
manently-elastic  fluid,  both  the  density  and  elasti- 
city increase  greatly  with  the  temperature;  and 
the  consequence  must  be  that  the  equatorial  columns 
must  press  upon  the  polar  throughout  their  length. 
A circulation  will  hence  arise  very  different  from 
that  of  the  aerial  currents.  The  vapour  will  flow 
in  a mass  from  the  equator  to  the  poles,  and,  being 
necessarily  condensed  in  its  course,  will  return  from 
the  poles  to  the  equator  in  the  form  of  water.  Great 
evaporation  will  constantly  be  going  on  at  the  latter 
station,  and  condensation  at  every  other  t so  that 
the  atmosphere,  excepting  at  the  equator,  would  be 
rendered  turbid  by  perpetual  clouds  and  rain.  As 
in  the  case  of  the  permanently-elastic  fluid,  the  tem- 
perature of  the  sphere  would,  by  this  process,  soon 
become  equalized,  did  not  our  hypothesis  provide 
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for  its  permanency : the  equatorial  parts  would  be 
quickly  cooled  by  the  evaporation,  and  the  polar 
warmed  by  the  heat  evolved  during  the  conden- 
sation. 

It  is  further  worthy  of  attention,  that,  the  elasti- 
city of  vapour  increasing  nearly  in  a geometrical 
proportion  for  equal  increments  of  heat,  the  decrease 
of  temperature  in  ascending  in  this  atmosphere  will 
be  in  arithmetical  proportion  only.  The  diminution 
is  very  nearly  three  degrees  for  every  5000  feet. 

Upon  the  hypothesis  of  the  gradation  of  tempe- 
rature before  assumed,  in  the  case  of  the  gaseous 
atmosphere,  the  following  Table  will  represent  the 
corresponding  elasticity  and  density  of  the  vapour, 
at  the  surface  of  the^sphere,  for  every  ten  degrees  of 
latitude. 


, TABLE  XXV.  Shewing  the  Force  and  Density  of  an  Atmos-^ 
sphere  of  Aqueous  Vapour,  for  every  Ten  Degrees  of  Latitude, 
surrounding  a Sphere  unequally  heated. 


Poles. 

Latitude  80 

Latitude  70 

Latitude  60 

Latitude  50 

El  as. 

Densily 

Temp 

Elas. 

Density 

Temp 

Elas. 

Density 

Temp 

Elas. 

Density 

Temp 

Elas. 

Density 

Temp 

.064 

0.340 

0 

.072 

0.380 

3.2 

.089 

0.466 

9.6 

.125 

0.641 

19.2 

.200 

1.000 

32 

Latitude  40 

Latitude  30 

Latitude  20 

Latitude  10 

Equator. 

Elas. 

Density 

Temp 

Elas. 

Density 

Temp 

Elas. 

Density 

Temp 

Elas. 

Denaity 

Temp 

Elas. 

Density 

Temp 

.351 

1.700 

48 

.539 

2.547 

60.8 

.731 

3.403 

70.4 

.900 

4.143 

76.8 

1.000 

4.571 

80 
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Under  these  circumstances,  the  equatorial  regions 
will  remain  perfectly  transparent,  while  rain  will  con- 
tinue to  fall  in  every  other  situation,  in  proportion  to 
the  densities  of  the  respective  places  and  the  de- 
crease of  temperature  ; and  the  supply  of  vapour  will 
be  entirely  kept  up  by  the  evaporation  at  the  equator. 
This  circulation  may  be  regarded  as  a species  of 
regulated  distillation.  The  height  of  the  barometer 
decreases  rapidly,  towards  the  poles  from  1 inch  to 
.064  inch,  and  the  quantity  of  condensation  is  defi- 
nite for  each  latitude  ; for  the  resistance  to  the  pas- 
sage of  the  vapour  is  supposed  to  be  constant  and 
equal. 

Let  us  now  imagine  that  the  temperature  of  any 
particular  latitude  is  raised  to  the  level  of  that 
which  adjoins  : then  will  condensation  cease  at  that 
particular  place,  evaporation  will  commence,  and  the 
atmosphere  will  become  transparent.  The  quantity 
of  water  precipitated  will  be  proportionally  in- 
creased on  the  other  side.  If,  on  the  contrary,  the 
temperature  be  lowered  to  the  standard  of  the  lati- 
tude next  above,  the  precipitation  will  be  increased, 
and  the  higher  latitude  will  be  cleared.  The  fol- 
lowing Table  represents  Latitude  30  under  these 
two  conditions. 


TABLE  XXVI.  Shewing  the  State  of  the  Atmospheres 
arising  from  Alterations  of  Temperature  in  any  inter- 
mediate Columns, 


Latitude  10  | 

Latitude  30 

Latitude  20 

Cloudy  \ 

Clear 

Cloudy 

.351  1 1.700  I 48  j 

.731  [ 3.403  1 70.4 

.731  1 3.403  1 70.4 

Clear  j 

Cloudy 

Cloudy 

.351  1 1.700  1 1 

.351  1 1 .700  1 

.731  1 3.403  1 70.4 
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Again — if  the  mechanical  retardation  of  the  flow- 
ing vapour,  which  we  have  imagined,  were  subject 
to  variation,  the  quantity  of  evaporation  and  preci- 
pitation would  be  proportionate  to  the  velocity  of 
its  passage : thus,  supposing  the  evaporation  from 
a given  surface  at  a given  temperature,  and  under  a 
certain  resistance,  to  be  three  grains  per  minute,  it 
would  be  increased  to  six  grains  with  half  the  re- 
sistance. It  would  be  easy  to  apply  these  conse- 
quences to  analogous  cases,  but  it  will  not  be 
required  to  trace  them  more  particularly.  The 
changes  at  the  surface  affect  the  whole  of  the  super- 
incumbent column  equally,  and  the  temperature  of 
the  vapour  follows  its  own  law  of  decrease.  But 
what  will  be  the  consequence,  if  the  vapour  should 
be  forced  to  adapt  itself  to  a progression  of  tempera- 
ture different  from  that  of  its  own ; and  if  from  some 
cause  or  other  (no  matter  at  present  whence  originat- 
ing) the  heat  of  the  upper  regions  should  diminish 
at  a greater  rate  than  is  due  to  the  natural  gra- 
dation? 

Let  us,  for  instance,  suppose  that  the  heat  of  the 
water  upon  the  sphere  is  80°,  but  that,  at  the  height 
of  5000  feet  above  the  surface,  a temperature  exists 
of  64°.  4,  which  from  that  point  follows  the  former 
decreasing  scale.  The  water  will  have  a tendency 
to  throw  off  vapour  of  the  same  constituent  heat  as 
its  own  temperature ; but  the  pressure  above,  being 
rendered  too  little  by  the  influence  of  the  forced 
degree  of  cold,  to  preserve  the  necessary  elas- 
ticity below,  the  atmosphere  will  only  possess  the 
tension  due  to  the  lower  degree  ; that  is  to  say,  the 
constituent  temperature  of  the  vapour  will  be  only 
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67°.9.  Evaporation  must  therefore  ensue  below, 
and  its  concomitant  precipitation  will  take  place 
above.  The  calculation  of  these  effects  has  fur- ' 
nished  the  following  tabular  representation  of  their 
connexion : 


TABLE  XXVII . Shewing  the  Effect  upon  the  Atmosphere 
of  Vapour  of  a forced  gradation  of  Temperature, 


Height. 

Elasticity. 

Constituent 
Temp,  of 
Vapour. 

Sensible 

Temp. 

state  of 
Atmosphere. 

0 

.673 

67.9 

80 

Clear 

5000 

.606 

64.4 

64.4 

Cloudy 

10000 

.542 

61 

61 

Clear 

15000 

.490 

58 

58 

?» 

20000 

.443 

55 

55 

25000 

.401 

52 

52 

>» 

30000 

.363 

49 

49 

The  consequence  of  this  situation  of  things  will 
be,  that  a cloud  will  be  formed  at  the  height  which 
has  been  named  : for  the  atmosphere  will  be  forced 
upwards  by  the  nascent  vapour  below,  and  will  be 
condensed  at  this  point.  The  cloud,  however,  sup- 
posing the  process  to  be  sufficiently  gradual,  would 
not  extend  very  far  downwards,  for  the  water,  during 
its  precipitation,  would  be  redissolved  by  the  excess 
of  heat  in  the  lower  regions,  so  that  they  might  re- 
main transparent  and  undisturbed.  The  ultimate 
effect  would  be  that  the  temperature  would  be  slowly 
equalized,  and  the  balance  of  force  restored.  The 
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water,  in  its  circulation  backwards  and  forwards, 
would  act  as  a carrier  of  the  heat,  which  it  would  ab- 
stract from  the  lower  parts  by  its  evaporation,  and 
give  out  to  the  upper  by  its  condensation.  The  at- 
mosphere would  thus  gradually  recover  its  state  of 
equilibrium  and  repose.  The  upper  regions,  upon 
this  supposition,  remain  clear,  for  there  the  regular 
gradation  is  undisturbed. 

This  part  of  the  subject  may,  perhaps,  derive  some 
illustration  from  the  following  analogy  and  figure. 


Let  a and  b.  Pig.  5,  represent  two  glass  globes 
connected  together  by  the  tube  c : — d is  a mercu- 
rial gauge  for  the  purpose  of  measuring  the  elasticity 
of  any  included  vapour.  Let  us  suppose  the  appa- 
ratus to  be  free  from  air,  and  water  to  be  included  in 
a ; and  let  the  temperature  of  both  the  globes  be 
80°.  The  column  of  mercury  supported  in  d will 
then  be  equal  to  1 inch,  and  no  evaporation  or  con- 
densation can  take  place.  Let  us  now  imagine  the 
globe  b to  be  suddenly  cooled  down  to  32°.  The 
mercury  in  the  barometer  d will  instantly  fall  to  .200 
inch ; the  water  will  rapidly  evaporate,  and  be  con- 
densed in  b,  and  if  both  the  temperatures  be  main- 
tained, will  entirely  pass  from  a to  b.  The  difference. 
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between  the  force  of  vapour  at  80°  and  32°,  will  thus 
become  the  measure  of  the  force  of  evaporation. 


Now  let  Fig.  6 represent  four  globes,  connected 
together  in  the  same  way  as  the  two  in  Fig.  5. 
The  whole  apparatus  is  supposed  to  be  free  from 
air,  and  the  ball  a to  contain  water.  The  tempera- 
ture of  each  is  to  be  maintained  respectively  at  80°, 
64°,  48°,  and  32°.  The  gauges  would  then  all  de- 
note a tension  of  .200  inch,  and  the  water  would 
distil  over  rapidly  into  d.  The  vapour,  in  its  pas- 
sage, meets  with  no  obstruction ; and  the  effect  is 
necessarily  the  same  as  in  the  last  case,  where  no 
intermediate  receivers  were  placed.  But,  should  the 
vapour  be  retarded  in  its  course  by  any  obstacle  of 
a mechanical  nature,  as  if  the  connecting  tubes  e f 
and  g were  packed  with  sand  or  cotton,  the  result 
would  be  very  different.  At  the  commencement 
of  the  process  the  rising  steam  would  assume  the 
elasticity  necessary  to  enable  it  to  pass  the  inter- 
vening obstructions  into  the  globe  d,  and,  whatever 
this  elasticity  might  be,  when  in  d,  it  would  be  re- 
duced to  the  force  of  .200  inch.  With  this  force  it 
would,  therefore,  press  upon  the  surface  of  the  water 
in  a.  The  nascent  steam  has  now,  not  only  the  me- 
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chanical  impediment  to  overcome,  but  this  additional 
pressure ; so  that  its  elasticity,  and  consequently  its 
temperature,  must  rise  in  proportion.  In  c,  how- 
ever, it  necessarily  assumes  the  temperature  of 
that  vessel.  A greater  degree  of  elasticity,  from 
c to  a,  now  presses  upon  the  fluid,  and  the  force 
of  the  generated  steam  must  again  rise.  It  is 
again  partly  condensed  in  h,  whose  temperature  will 
not  support  the  higher  degree,  and  the  increased 
tension  is  exerted  from  h to  a.  The  different  gau- 
ges, h c and  d,  will  thus  denote  the  respective  elas- 
ticities .597  inch,  .351  inch,  and  .200  inch,  appro- 
priate to  their  several  temperatures.  The  diffe- 
rences of  force  will  denote  the  rate  of  evaporation 
in  each. 

Such  mechanical  obstruction,  as  we  have  sup- 
posed, would  oppose  itself  to  the  free  passage  of 
vapour  in  motion,  but  would  exert  no  pressure  or 
influence  upon  it  in  a state  of  rest ; and  if  we  were 
to  imagine  that  all  the  water  had  distilled  over 
from  a,  and  were  included  in  d,  the  gauges  would 
all  stand  permanently  at  .200  inch. 

Let  us  now  apply  this  to  our  atmosphere. — We 
have  already  proposed  the  simple  case  of  a sudden 
decrease  of  heat  at  one  stage  of  its  height,  by  which 
condensation  was  produced ; the  elasticity  was 
thereby  reduced  to  the  degree  appropriate  to  that 
temperature  at  that  elevation,  and  evaporation  com- 
menced from  the  surface.  This  evaporation  was 
proportionate  to  the  difference  between  the  elas- 
ticity of  vapour  of  the  temperature  of  the  sphere, 
and  the  elasticity  of  the  superincumbent  mass.  We 
will  now  suppose  that  the  rapid  decrease  of  tem- 
perature continues  throughout  the  column,  and  that 
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at  the  following  stages  of  its  height  it  is  forced  to 
adapt  itself  to  the  annexed  progression. 

TABLE  XXVIII. 


Height. 

Temperature. 

0 

80. 

5000 

64.4 

10000 

48.4 

15000 

31.4 

20000 

12.8 

25000 

— 7.6 

30000 

-30.7 

The  elasticity  could  not  then  exceed  .043  inch 
upon  the  surface:  the  evaporation  would  conse- 
quently be  excessive,  and  its  force  would  almost 
amount  to  explosive  violence ; while  the  conden- 
sation above  would  be  proportionate,  and  the  pre- 
cipitation would  resemble  a water-spout  in  its  ef- 
fects. We  must  now  provide  (and  by  what  means 
we  will  not  now  stop  to  inquire)  some  obstacle  by 
which  the  course  of  the  vapour  may  be  retarded 
in  its  ascent,  in  a similar  way  to  that  which  we 
have  imagined  in  the  glass  globes, — then  may  the 
condensation  take  place  gradually  and  at  different 
heights.  The  relative  distances  of  these  points  of 
precipitation  will  depend  upon  the  force  of  the  va- 
pour, and  the  greater  or  less  facility  with  which  it 
overcomes  the  mechanical  obstruction.  For  the 
scale  of  temperature  laid  down,  the  following  table 
would  represent  an  adequate  balance  of  evapora- 
tion and  condensation,  with  the  appropriate  de- 
grees of  elasticity  between  the  points. 
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TABLE  XXIX.  Shewing  the  Effects  of  a further  forced 
Progression  of  Temperature  upon  the  Atmosphere  of 
Vapour, 


Height. 

Sensible 

Temperature. 

Constituent 
Temp.  ofVap. 

Elasticity. 

State  of 
Atmosphere. 

Force  of 
Evaporation. 

0 

80 

67.9 

.673 

Clear 

327 

5000 

64.4 

64.4 

X .606 

Cloudy 

467 

10000 

48.4 

19. 

124 

Clear 

15000 

31.4 

16. 

. 112 

Clear 

20000 

12.8 

12.8 

X .100 

Cloudy 

80 

25000 

— 7.6 

— 20.7 

.027 

Clear 

30000 

-30.7 

—30.7 

X .020 

Hazy 

The  last  division  of  this  Table  gives  the  relative 
force  of  evaporation  at  the  different  points,  suppos- 
ing the  total  effect,  if  unopposed  and  sudden,  to  be 
1000,  and  the  same  numbers  will  represent  the 
comparative  amount  of  precipitation,  at  the  several 
intervals  of  condensation,  or  the  relative  densities 
of  the  three  clouds.  In  this  manner  the  struggle  be- 
tween the  elasticity  of  the  stream,  and  the  con- 
densing power  of  the  cold,  is  divided  and  mode- 
rated ; and  the  whole  process  becomes  so  gentle  as 
quietly  to  restore  the  balance  of  force  and  tempera- 
ture, provided  the  counteracting  cause  be  not  of  a 
permanent  nature.  The  moisture,  falling  gradually 
back  into  the  excess  of  heat  below,  is  converted 
into  vapour  of  higher  force,  which  pressing  more 
upon  the  inferior  strata,  proportionably  raises  their 
densities. 
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From  these  considerations,  it  would  appear,  that, 
in  any  single  column  considered  by  itself,  clouds  of 
greater  or  less  densities,  and  evaporation  of  greater 
or  less  force,  must  be  the  consequence  of  a tempera- 
ture decreasing  in  a more  rapid  progression  than  is 
due  to  the  law  of  aqueous  vapour. 

While  the  atmosphere  is  in  the  state  represented 
in  Table  XXIX.,  let  us  now  contemplate  the 
• effects  of  a general  reduction  of  sensible  tempera- 
ture upon  the  constituent  temperature,  and  the  dif- 
ferent points  of  precipitation.  We  will  suppose 
the  fall  to  take  place  gradually,  and  to  amount  to  10 
degrees.  In  the  first  place,  the  elastic  force  upon 
the  surface  will  not  be  diminished,  but  will  approach 
the  point  of  precipitation  within  three  degrees.  A 
plane  of  condensation  will  be  established  between 
the  surface  and  the  height  of  5000  feet.  So,  like- 
wise, the  vapour  from  9000  to  14,000  feet  will  not 
be  disturbed,  but  the  second  plane  of  condensa- 
tion will  descend  from  18,500  feet,  to  an  interme- 
diate position  between  that  elevation  and  14,000 
feet.  The  shifting  of  these  planes  would  not  be 
sensible  at  the  surface  ; for  the  light  precipitations, 
which  would  accompany  their  slow  subsidence, 
would  be  expended  in  equalizing  the  temperature. 

We  must  next  contemplate  these  various  phe- 
nomena, hitherto  considered  as  confined  to  a single 
column,  in  connexion  with  adjacent  sections.  Let 
us  take,  as  an  illustration,  the  equatorial  column  of 
80°  temperature,  in  the  state  in  which  we  have  just 
considered  it,  and  the  adjoining  one  of  76°.  8.  The 
flow  of  the  lateral  currents  may  be  determined  by 
the  following  Table: — 


TABLE  XXX.  Shewing  the  State  of  the  Atmosphere  ocoasioned  by  the  Intermixture  of 

Lateral  Currents, 
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In  this  Table,  the  first  point  of  condensation 
above,  in  the  equatorial  division,  is  supposed  to 
take  place  at  the  height  of  5000  feet ; while, 
at  latitude  10,  it  is  fixed  at  10,000  feet;  and  it 
will  be  seen,  that  up  to  the  former  elevation, 
the  vapour  of  the  first  column  is  of  much  greater 
elasticity  and  density  than  that  of  the  latter:  it 
will,  consequently,  flow  towards  it  with  consider- 
able force.  No  cloud  will  be  formed,  as  before,  at 
the  point  of  condensation,  for  the  supply  arising 
from  the  evaporation  at  the  surface,  will  be  carried 
off  in  a lateral  direction ; or,  if  previously  formed, 
would  soon  be  dissipated  by  the  same  action.  Nor 
would  the  transparency  of  latitude  10  be  affected 
up  to  this  height;  for  the  current  which  it  would 
receive,  would,  in  constituent  temperature,  still  be 
below  what  its  sensible  heat  would  maintain.  But 
above  this  line  a dense  cloud  would  be  precipitated. 
A counter-flow  of  small  extent  towards  the  equator 
will  be  established  at  10,000  feet ; and  above 
this,  again,  the  pressure  will  return  to  the  first 
direction.  The  constituent  temperature  of  the  re- 
turning current,  being  below  the  temperature  of  the 
elevation,  the  transparency  of  the  equatorial  column 
will  be  preserved  throughout.  These  lateral  cur- 
rents are  supposed  to  take  place  under  the  same 
mechanical  retardation  as  the  ascending  vapour. 

It  would  be  easy  to  multiply  and  vary  these 
illustrations ; but  enough  has  been  done,  to  shew 
generally  that  the  necessary  condition  of  trans- 
parency, in  any  vertical  section  of  an  atmosphere  of 
pure  vapour,  in  which,  from  some  extraneous  cause, 
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the  temperature  diminishes  faster  than  the  natural 
progression,  is,  that  the  quantity  generated  from  the 
evaporation,  necessarily  accompanying  such  circum- 
stances, should  be  carried  off  to  adjoining  regions. 

Our  hypotheses  have  hitherto  been  framed  upon 
the  assumption,  that  the  sphere  round  which  the 
aqueous  atmosphere  has  been  diffused,  was 
covered  with  water,  whence  a continual  supply  of 
vapour  would  flow  equivalent  to  every  increase  of 
temperature.  Let  us  now  suppose  that  water  is 
only  partially  diffused,  and  that  the  uncovered  por 
tions  are  absolutely  dry.  Vapour,  out  of  the  con- 
tact of  water,  is  affected  in  the  same  way  as  the  per- 
manently elastic  fluids,  by  variations  of  temperature ; 
that  is  to  say,  it  contracts  or  expands  T^uth  part  of  its 
volume  for  each  degree  of  change,  abo  ve  its  point  of 
precipitation,  by  Fahrenheit’s  scale.  If  a current, 
therefore,  were  to  pass  over  a dry  space,  heated  to  a 
degree  higher  than  itself,  the  same  changes  in  its 
constitution  would  take  place,  in  miniature,  as  we 
have  already  traced  in  the  dry  atmosphere.  Its 
density  would  diminish,  while  its  elasticity  would  re- 
main the  same  upon  the  surface,  and  be  increased 
at  higher  stations.  The  following  Table  presents 
us  with  the  different  degrees  of  elasticity  in  a 
column  of  the  constituent  temperature  of  80°  heated 
to  90°. 
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TABLE  XXXI.  Shewing  the  Effects  of  Expansion  upon 
Vapour  heated  beyond  its  Dew-point, 


Height. 

Elasticity. 

Constituent 

Temperature. 

Sensible 

Temperature. 

0 

1.000 

80 

90 

5000 

.899 

76.5 

86.5 

10000 

.808 

73 

83 

15000 

.727 

70 

80 

20000 

.653 

67 

77 

25000 

.•587 

63 

73 

30000 

.528 

60 

70 

Such  modifications  would  necessarily  ensue  in 
the  cases  which  have  already  been  considered,  of 
the  constituent  temperature  falling  below  the  sensible 
heat ; but,  by  comparing  this  Table  with  Table 
XXIV.,  it  will  be  seen,  that  the  total  effect  at  the 
greatest  extreme  does  not  exceed  . 007  inches  ; and 
it  will  be  unnecessary,  in  the  general  view  which  we 
are  now  taking  of  the  subject,  to  introduce  a correc- 
tion to  such  a small  amount. 

In  the  case  of  vapour  becoming  heated  in  this 
manner,  out  of  the  contact  of  water,  it  may  reach  its 
point  of  deposition  at  a high  elevation  without 
producing  any  sensible  cloud ; for,  although  it  would 
be  slowly  precipitated,  it  would  be  instantly  re- 
stored to  the  elastic  form  by  the  excess  of  heat  in 
the  inferior  strata ; and  no  accumulation  could  be 
formed  for  want  of  supply  from  the  dry  surface  be- 
low. A slight  haziness  might  possibly  be  the 
result. 

Let  us  now  imagine,  a stream  of  vapour,  of  known 
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density,  filtering  its  way  laterally  through  the  resist- 
ing obstacle  which  we  have  supposed,  from  one  part 
of  the  sphere,  which  is  covered  with  water  of  a cer- 
tain temperature,  to  another  which  is  perfectly  dry, 
and  of  equal  or  superior  temperature.  As  it  arrives 
at  the  latter  point,  it  will  diffuse  itself  rapidly  over 
the  dry  space  ; and  its  elasticity,  being  no  longer 
confined  by  an  incumbent  atmosphere  of  like  den- 
sity, will  be  reduced,  and  it  will  assume  that  force 
which  its  own  diffusion  will  enable  it  to  maintain. 
Or  a stream  of  vapour,  of  high  elasticity,  flowing 
into  a space  where  there  already  exists  an  atmo- 
sphere of  inferior  force,  will  be  reduced  in  density 
to  that  of  the  general  mean.  In  Table  XXXII. 
are  represented  two  contiguous  columns  of  vapour ; 
the  first  incumbent  upon  water  of  the  temperature 
of  70"^,  and  the  second  upon  dry  land  of  the  tem- 
perature of  80°.  It  is  obvious  that  the  former  will 
flow  into  the  latter,  but  will  no  longer  be  distin- 
guishable by  its  constituent  temperature  of  60°,  but 
will  be  reduced  to  the  standard  of  the  second  co- 
lumn 32°.  The  elasticity,  however,  of  this  column 
will  rise  with  the  diffusion  of  the  first. 

TABLE  XXXII. — Shewing  the  Effects  of  the  Diffusion 
of  Vapour  of  High  Elasticity  from  Water,  over  a dry 
Surface. 


Water. 

Dry  Earth. 

General 

Tern. 

Const. 

Temp. 

Elasticity. 

General 

Temp. 

Const. 

Temp. 

Elasticity. 

70 

60 

.524 

80 

32 

.200 

But  the  surface  upon  which  an  atmosphere  of 
any  particular  density  rests,  may  be  neither  water, 
nor  yet  perfectly  free  from  it,  but  we  will  imagine 
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it  to  be  earth  differently  embued  with  moisture  and 
variously  heated — ^then  a partial  supply,  varying  in 
quantity  in  different  plades  but  of  the  same  degree 
of  density,  would  take  places  and  clouds  of  more  or 
less  opacity  'wouldbe  formed,  at  corresponding  situa- 
tions, in  the  planes  of  deposition  above.  The  fol- 
lowing Table  will  tend  to  illustrate  these  positions. 


Si 

!> . 

^ 'j 

^ I 

c I 

I’ I 

-f 


Si 

§0 


ft? 


.!2 

•<i 


« 

^ § 
h-3  ^ 

X ^ 

CQ 

< 
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The  same  general  temperature  is  here  supposed 
to  prevail  momentarily  in  every  part  of  an  atmo- 
sphere of  equal  force ; resting  upon  a surface  covered 
with  water  in  one  part,  with  moist  earth  in  another, 
and  dry  in  a third,  and  varying  moreover  in  heat 
in  the  three  situations.  The  first  point  of  precipi- 
tation is  placed  at  10000  feet.  The  water  upon 
which  the  first  part  of  the  column  rests,  is  of  the 
same  degree  of  heat,  as  the  general  temperature 
at  the  surface  ; the  force  of  evaporation  is  368,  and 
as  the  supply  is  equal  to  the  force,  the  density  of 
the  cloud  is  368.  The  moist  earth,  upon  which  the 
second  portion  rests,  is  of  the  temperature  of  70°, 
which  makes  the  force  of  evaporation  507 : but  less 
steam  being  given  off  from  the  earth,  than  from 
the  water,  the  quantity  of  the  precipitation  is  pro- 
portionally diminished.  It  is  calculated  in  the 
Table  at  one  fourth.  The  dry  surface,  which  sup- 
ports the  third  portion,  is  heated  to  80°,  and  yields 
no  vapour:  the  evaporating  force,  which  is  equal 
to  786,  is  wholly  unapplied,  and  no  cloud  can  there- 
fore be  maintained.  The  higher  points  are  sub- 
ject to  the  same  modifications.  The  temperature 
of  the  evaporating  surface  regulates  the  quantity 
of  water  raised  in  vapour,  the  tension  of  the  pre- 
existing atmosphere  determines  its  elasticity. 

I shall  here  conclude  the  separate  consideration 
of  the  properties  of  aqueous  vapour,  applicable  to 
my  design.  It  is  impossible  not  to  perceive  that 
I have  already  been  obliged  to  anticipate  some  par- 
ticulars, which  would  have  fallen  more  consistently 
with  my  intended  division  under  the  third  section : 
but  I have  restricted  the  inquiry  as  much  as  pos- 
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sible  to  the  single  object  in  view.  It  will,  however, 
have  been  anticipated,  that  the  mechanical  retarda- 
tion of  the  motions  of  the  vaporous  atmosphere,  to- 
gether with  the  forced  progression  of  temperature, 
which  have  been  so  often  referred  to,  belong  to  the 
state  of  mixture  with  the  gaseous  atmosphere ; and  I 
may  now  further  connect  the  preceding  remarks  by 
observing,  that,  in  the  operations  of  the  aqueous 
steam,  a power  is  developed  fiilly  adequate  to  pro- 
duce the  disturbances  of  temperature  hypothetically 
proposed  in  the  examination  of  the  permanently- 
elastic  fluid. 
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On  the  Habitudes  of  an  Atmosphere  of  permanently- 
elastic  Fluid,  mixed  with  aqueous  Vapour. 


Having  separately  considered  some  of  the 
properties  of  simple  atmospheres  of  permanently- 
elastic  fluid  and  of  aqueous  vapour,  most  essen- 
tial to  the  object  of  our  inquiry,  we  may  now 
proceed  to  investigate  the  compound  qualities  of  a 
mixture  of  the  two,  and  their  mutual  relations  so 
combined. 

The  properties,  which  each  possessed  in  its  sepa- 
rate state,  will  be  retained  in  this  connexion  un- 
changed, and  the  two  fluids  will  exercise  no  further 
action  upon  each  other,  than  a mechanical  opposi- 
tion when  in  motion.  The  particles  of  steam,  in 
penetrating  the  interstices  of  the  permanently-elas- 
tic  fluid,  experience  the  same  species  of  retardation 
as  exists  in  their  flowing  through  the  pores  of  sand 
or  cotton.  When  a state  of  equilibrium  is  attained, 
this  mutual  action  ceases,  and  the  particles  of  each 
press  only  upon  those  of  their  own  kind.  There 
are,  therefore,  two  principal  points  of  view,  under 
which  such  a mixture  may  be  regarded, — one,  in 
which  the  particles  are  in  a state  of  equipoise 
amongst  themselves  ; and  the  other,  where  they  are 
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seeking  an  equilibrium  by  means  of  intestine 
motion.  With  respect  to  the  first,  there  is  no  dis- 
tinction between  such  a complete  mixture  and  that 
of  two  or  more  permanently-elastic  fluids ; and  it 
may  be  regarded*  like  a mixture  of  gases,  as  an 
homogeneous  fluid. 

We  will  now  inquire  what  would  be  the  natural 
state  of  such  an  atmosphere,  surrounding  a sphere 
of  uniform  temperature  throughout  ? 

Before  we  can  answer  this  question  satisfactorily, 
we  must  consider  what  are  the  efiects  of  mixing 
known  measures  of  the  gases,  with  vapour  of  dif- 
ferent degrees  of  force. — The  first  effect  is  increase 
of  bulk,  under  equal  pressure  in  the  permanently- 
elastic  fluid;  not  in  proportion  to  the  measure  of  va- 
pour added  to  it,  but  in  proportion  to  its  elasticity. 
Thus,  if  we  mix  a cubic  foot  of  dry  air,  of  the  tempe- 
rature of  212°  and  of  the  elasticity  of  30  inches,  with 
as  much  steam  as  would  rise  in  the  space  of  a cubic 
foot  at  the  same  temperature,  and  consequently  of  the 
force  of30  inches,  the  mixture  would  occupy  the  space 
of  two  cubic  feet  for  30  inches  : 60  inches ::  1 : 2. 

So,  if  we  mix  a like  measure  of  air,  of  the  tem- 
perature of  32°  and  of  the  elasticity  of  30  inches, 
with  as  much  vapour  as  would  form  in  the  same 
space  at  the  temperature  of  32°,  and,  consequently, 
of  the  force  of  only  0.200  inch,  the  bulk  of  the 
gas  will  only  be  increased  .00666  of  a cubic  foot. 

For  30.000  : 30.200::  1.  : 1.00666 

The  case  is  exactly  analogous  to  what  would 
happen  from  the  mixture  of  gases,  of  different  de- 
grees of  elasticity.  A cubic  foot  of  air,  of  the  elas- 
ticity of  30  inches,  added  to  another  cubic  foot  of 
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the  same  elasticity,  will  have  its  volume  doubled ; 
but  a cubic  foot  of  air,  of  the  elasticity  of  only  .200 
inch,  being  added  to  a cubic  foot,  of  the  elasticity 
of  30  inches,  will  only  increase  its  volume  .00666 
of  a cubic  foot. 

The  second  result  is,  that  the  specific  gravity  of 
the  gas  is  decreased  ; but  not  exactly  in  proportion 
to  its  expansion : for  while  the  vapour  dilates  its 
parts,  it  adds  its  own  weight  to  the  mixture.  But 
this  weight,  though  increasing  with  the  elasticity, 
being,  in  all  cases,  less  than  that  of  an  equal  bulk  of 
common  air,  decrease  of  density  must  follow.  The 
diminution  becomes  greater  with  every  increment  of 
temperature. 

Let  us  imagine  an  homogeneous  atmosphere  of  air, 
of  the  temperature  of  77°,  and  30  inches  pressure : 
its  specific  gravity,  compared  to  air  at  32°,  would  be 
.90626  : 1.00000.  Let  us  suppose  this  to  be  mixed 
with  an  atmosphere  of  vapour  of  the  same  tempera- 
ture, and  .910  inch  force : the  specific  gravity  of  the 
mixture  under  equal  pressure  would  be  .89312:  its 
total  pressure  would  amount  to  30.910  inches  ; and 
its  height  would  be  increased  from  28775  feet  to 
30260  feet.  But,  as  we  have  seen"  before,  the  mean 
temperature  of  an  homogeneous  atmosphere  must  fall, 
in  assuming  that  gradation  of  density  which  is  essen- 
tial to  its  natural  state  ; the  quantity  of  vapour  must, 
therefore.  Suffer  a proportionate  reduction.  If  we 
were  to  assume  the  scale  of  decrease,  represented  in 
Table  VII.,  for  a temperature  at  the  surface  of  77°, 
the  corresponding  diminution  of  its  force  would  be  as 
follows : — 
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TABLE  XXXIV.  Shewing  the  smcdl  Quantity  of  Vapour, 
which  could  exist  in  an  Atmosphere  of  Air,  supposing 
it  saturated  throughout. 


Height. 

Temp. 

Elasticity. 

0 

77 

.910 

5000 

61 

.542 

10000 

45 

.316 

15000 

27.5 

.171 

20000 

9.3 

.088 

25000 

-11 

.042 

SOOOO 

— 35 

.016 

The  average  quantity,  therefore,  of  the  vapour  to 
this  height,  could  not  exceed  0.297  inch.  We  must 
further  consider  that  the  altitude  to  which  we  have 
hitherto  followed  our  speculations,  has  comprised 
but  two-thirds  of  the  total  height  of  our  atmosphere ; 
the  remaining  third  may,  without  any  risk  of  error, 
be  considered,  from  the  lowness  of  its  temperature, 
to  be  totally  free  from  vapour.  The  mean  pressure, 
therefore,  of  steam  would  thus  be  reduced  to  .198 
inch  ; and  supposing  such  a state  of  circumstances  to 
be  possible,  the  barometer  would  only  rise  from  30 
inches  to  30.198  inches  in  the  atmosphere  surround- 
ing a sphere  of  the  temperature  of  77°,  by  a change 
from  absolute  dryness  to  perfect  moisture. 

Nor  would  such  a state  of  saturation  constitute, 
by  any  means,  a natural  condition  of  such  an  atmo- 
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sphere  as  we  are  contemplating.  Even  if  a general 
mixture  could  be  effected  in  the  proportions  which 
we  have  above  imagined,  the  elasticity  of  the  steam 
at  the  bottom  of  the  column  would  be  greater  than 
the  weight  which  the  upper  strata  would  confine ; so 
that  being  urged  upwards  it  would  be  condensed  by 
the  temperature  of  the  air,  which  decreases  faster 
than  the  progression  due  to  the  vapour,  and  the  ba- 
rometer would  not  rise  to  the  height  just  stated. 

A state  of  complete  mixture,  in  which  all  the  par- 
ticles would  be  at  rest  amongst  themselves,  cannot, 
therefore,  exist  in  the  natural  atmosphere;  and  it 
can  only,  consequently,  be  regarded,  in  the  second 
point  of  view  distinguished  above,  namely,  as  in  a 
state  of  intestine  motion. 

To  place  these  particulars  in  a clearer  light,  let  us 
trace  the  progress  of  vapour  just  beginning  to  form 
in  a perfectly  dry  atmosphere.  For  this  purpose  we 
vrill  imagine  the  temperature  of  the  sphere  to  be 
77°.  The  first  arrangement  will  be  such  as  is  re- 
presented under  latitude  10,  in  Table  VII.  Let  us 
now  imagine  water  suddenly  to  overflow  the  surface, 
and  evaporation  will  instantly  commence.  No  at- 
mosphere of  vapour  exists  to  impede  its  progress, 
the  nascent  steam  will,  therefore,  merely  assume 
the  degree  of  tension  necessary  to  overcome  the  vis 
inertice  of  the  air  which  obstructs  its  motion.  What 
this  force  may  be,  we  have  not,  perhaps,  sufficient 
data  to  determine.  We  must,  for  the  present,  fix  it 
arbitrarily,  and  assume  that,  at  the  temperature  of 
77°,  and  pressure  of  30  inches,  it  amounts  to  .200 
inch.  The  constituent  heat  of  vapour  of  this  elasti- 
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city  is  32°,  so  that  at  the  height  of  about  13,500  feet 
it  would  meet  with  its  point  of  condensation.  An 
aqueous  atmosphere  of  such  degree  of  force  being 
now  established,  fresh  resistance  to  this  amount  is 
made  to  the  progress  of  evaporation  ; and  the  elas- 
ticity of  the  rising  steam  must  be  doubled.  Its  con- 
stituent temperature  is  thus  raised  to  52°,  and  it  can- 
not, therefore,  pass  the  height  of  7500  feet,  without 
decomposition.  The  resistance  upon  the  surface 
now  amounts  to  .601  inch,  to  overcome  which, 
vapour  at  65°  must  be  emitted.  The  first  point  of 
precipitation,  in  ascending  from  the  surface,  would 
thus  be  fixed  at  about  3600  feet.  We  may  now 
further  remark,  that  the  diffusion  of  vapour  does  not 
cease  at  the  height  of  3500  feet,  to  which  point  we 
had  first  traced  it ; but  the  mechanical  obstruction  is 
proportionably  reduced,  and  it  is  carried  by  succes- 
sive stages  to  more  lofty  regions,  where  its  tenuity 
is  so  much  increased  that  it  speedily  eludes  all  ob- 
servation. 

With  regard  to  the  various  points  of  condensation, 
it  is  probable,  as  was  before  remarked  in  the  atmo- 
sphere of  pure  steam,  that  no  cloud  would  be  formed 
at  any  of  them.  The  process  of  evaporation  would  be 
so  gentle  under  these  circumstances,  that  little  above 
six  grains  of  water  would  be  raised  per  minute  from 
the  surface  of  a square  foot ; so  that,  as  the  gradual 
precipitation  of  this  quantity  took  place  between  the 
different  stages,  it  would  instantly  be  re-dissolved  by 
the  excess  of  heat  into  which  it  would  naturally  in- 
cline to  fall.  The  circulation  thus  becomes  a process 
of  equalization,  by  which  the  temperature  of  the  up- 
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per  regions  is  raised : the  heat  which  is  abstracted 
below  by  evaporation  is  evolved  by  condensation, 
the  pressure  of  the  vapour  is  increased,  and  all  the 
changes  tend  to  that  distribution  of  heat  which  we  for- 
merly contemplated  as  the  natural  state  of  an  un- 
mixed atmosphere  of  steam. 

The  average  quantity  of  vapour,  which  would  exist 
upon  the  hypothesis  which  we  have  just  assumed, 
while  the  atmosphere  maintained  its  proper  progres- 
sion of  temperature,  may  be  roughly  approximated 
as  follows  : — A stratum,  of  the  force  of  .616  inch,  ex- 
tends to  the  height  of  3600  feet ; another,  pf  the  force 
of .401  inch,  reaches  3900  feet  further;  a third, of 
only  .200  inch,  stretches  almost  as  far  as  both  the 
former  together  ; making  a total  of  13500  feet.  The 
mean,  therefore,  to  this  point  is  nearly 

.616  , .401  , .200  , 

+ -h  = .354  inch. 

4 4 2 

For  the  further  distance  of  17500  feet,  we  cannot 
greatly  err  in  taking  .064  inch,  as  the  mean  pressure, 
making  the  average  to  the  height  of  31000  feet,  .209 
inch.  One-third  of  the  atmosphere  beyond  this  being 
considered  free  from  vapour,  reduces  the  mean  to 
,.139  inch. 

The  following  diagram  may  possibly  tend  to  elu- 
cidate the  effects  of  an  unequal  addition  of  matter,  or 
of  unequal  expansion  in  various  parts  of  the  same 
column  of  fluid. 
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Let  A B represent  the  column 
whose  height  and  weight  we 
will  call  40.  Its  four  sections 
A B C D are  each  equal  to  10. 
Let  us  suppose  an  addition  of 
matter  to  take  place  in  B,  tf 
equal  to  4 ; in  D,  gh  equal  to 
3 ; in  C,  ^ ^ equal  to  2 ; and  in 
A,  / m equal  to  1 . The  total  in- 
crease of  weight  and  pressure 
10  at  the  bottom  will  be  1 0,  or  one- 
fourth  of  the  original  amount : 
the  same  as  if  the  total  amount 
had  been  equally  distributed 
throughout  the  mass,  or  added 
2Q  at  once  to  the  top  of  the  column, 
as  n 0. 

Again — if  in  the  same  co- 
lumn an  unequal  expansion 
were  to  take  place  in  the  four 
different  sections,  e / = 4,  g A 
= 3,  z ^ = 2,  and  / m = 1,  the 
total  increase  of  bulk  n o would 
be  the  same  as  if  the  expansion 
had  every  where  been  equal, 
and  the  weight  at  the  base  re- 
40  maining  the  same,  that  of  the 
sections  would  be  altered  from 
10 . 20 . 30 . 40,  to  3 . 16 . 24 . 32  and  40. 

In  the  case  of  the  atmosphere,  which  we  are  con- 
sidering, both  these  changes  are  combined:  the 
barometer  rises  at  the  surface  of  the  sphere,  and  the 
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weight  of  the  several  strata  is  still  further  changed. 
The  following  Table  exhibits  the  state  of  the  baro- 
meter at  equal  altitudes,  before  and  after  the  ad- 
mission of  vapour,  in  an  atmosphere  surrounding  a 
sphere  of  the  uniform  heat  of  77° ; together  with  the 
temperature  appropriate  to  the  elevation  and  the 
dew-point. 

TABLE  XXXV. — Shewing  the  State  of  the  Barometer, 
at  equal  Altitudes,  in  an  Atmosphere  of  Air,  before  and 
after  the  Admission  of  Vapour. 


Height. 

Temperature. 

Barometer. 

Atmos,  without 
Vapour. 

Barometer. 

Atmos,  with 
Vapour, 

Dew-Point. 

0 

76.8 

30.000 

30. 139 

65 

5000 

61.  1 

25.214 

25.348 

52 

10000 

44.9 

21.193 

21.318 

32 

15000 

27.7 

17.812 

17.928 

9 

20000 

9.3 

14.970 

15.079 

0. 

25000 

— 11.6 

12.583 

12.682 

—35 

30000 

-35. 

10.578 

10.667 

— 35 

Such,  then,  would  be  the  new  state  of  things, 
from  the  admission  of  water  to  the  surface  of  the 
sphere:  a state,  however,  which,  notwithstanding 
the  equality  of  the  superficial  heat,  could  not  be  one 
of  permanent  rest.  A perpetual  struggle  would 
ensue  between  the  temperature  due  to  the  density 
of  the  air,  and  the  constituent  temperature  of  the 
vapour,  accompanied  by  perpetual  evaporation  be- 
low, and  simultaneous  condensation  above.  No 
winds  or  lateral  currents  would  be  established,  but 
an  increasing  circulation  in  a vertical  direction. 
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It  will  be  observed,  that  the  total  alteration  of 
pressure  is  but  small,  even  in  the  almost  extreme 
case  which  has  been  selected,  and  the  changes  of 
density  still  less  ; it  is  in  the  unequal  distribution, 
and  its  consequent  effects,  that  we  must  seek  for  the 
principal  influence  of  vapour  in  the  mixed  atmo- 
sphere. 

Changing  now  our  hypothesis  of  the  sphere  of 
equal  temperature,  for  that  of  the  sphere  of  unequal 
temperature,  increasing  from  the  poles  to  the  equa- 
tor, we  will  again  assume,  that  the  barometer 
stands  every  where  at  the  same  height  upon  the 
surface ; which  height  we  will  suppose,  as  before, 
to  be  30  inches.  The  state  of  the  vapour  in  the 
diflFerent  columns  of  the  mixed  atmosphere,  is  to  be 
imagined  to  be  in  the  same  proportion  as  in  the  at- 
mosphere which  we  have  just  been  considering — ^that 
is  to  say,  its  constituent  temperature,  at  the  surface 
of  the  sphere,  is  to  be  within  1 1 degrees  of  the  tempe- 
rature of  the  several  zones.  The  whole  arrangement 
is  thus  represented  in  the  following  Table : 


["ABLE  XXXV.  Shewing  the  Specific  Gravity,  Elasticity,  Temperature,  and  Dew-point,  of  a mixed  Atmosphere  of  Air  and  Aqueous  Vapour,  at  different 

Altitudes  and  different  Latitudes  from  the  Pole  to  the  Equator. 


Poles. 

Latitude  80 

Latitude  70 

Latitude  60 

Latitude  50 

Procure 

Dew 

Total 

Pro.cn, „ 

Dew 

Total 

Specific 

Dew 

Total 

Pressure 

S 

pecfic 

Dew 

Total 

Pressure 

Specific 

Dew 

Height. 

Pressure. 

of  Vap. 

Grav„y. 

Temp. 

Point. 

Pressure. 

of  Vap. 

Gravity. 

Tentp. 

Point. 

Pressure. 

ofVap. 

Tamp. 

Point. 

Pressure. 

of  Vap. 

G 

Gravity. 

TEW.P. 

Point. 

Pressure. 

ofVap. 

Gravity. 

Temp. 

Point. 

0 

30.000 

.044 

1.06606 

0 

- 11 

30.000 

.047 

1.06038 

3 

- 8 

30.000 

.057 

1.04685 

9 

- 2 

30.000 

.085 

i.( 

52607 

19 

8 

30.000 

.134 

.99835 

32 

2] 

5000 

23.597 

.86935 

- 18 

23.652 

.86542 

- 15 

23.707 

.033 

.85684 

- 8 

-17 

23.793 

.047 

34427 

1 

- 8 

23.949 

.079 

.82563 

14 

6 

10000 

18.587 

.70856 

- 37 

18  630 

.70637 

- 34 

18.724 

.70140 

-27 

18.893 

.( 

59405 

-17 

19.106 

.045 

.08321 

- 3 

- 9 

15000 

14.591 

.57752 

- 58 

14.642 

.57654 

- 55 

14.775 

.57407 

-47 

14.969 

.i 

57061 

-36 

15.229 

.56472 

-22 

20000 

11.411 

.47071 

- 82 

11.484 

.47057 

- 78 

11.617 

.46991 

-70 

11.827 

16904 

-58 

12.044 

.46677 

-43 

25000 

8.900 

.38365 

-109 

8.905 

.38408 

-104 

9.102 

.38463 

-96 

9.314 

58558 

-S3 

9.579 

.38582 

-67 

30000 

6.906 

.31270 

-140 

6.978 

.31352 

-135 

7.100 

.31483 

-126 

7.302 

51699 

-112 

t 

7.566 

.31890 

-95 

Latitude  40 

Latitude  30 

Latitude  20 

Latitude  10 

Equator 

Totnl 

Pressure 

Specific 

Dew 

Total 

Pressure 

Specific 

Dew 

Total 

Presaare 

Specific 

Dew 

Total 

Pressare 

S 

pecific 

Dew 

Total 

Pressure 

Specific 

Dew 

tieighc. 

Pressure. 

of  Vap. 

Gravity. 

Temp. 

Point. 

Preisure. 

of  Vap. 

Gravity. 

Temp. 

Point. 

PrEisura. 

of  Vap. 

Gravity. 

Temp, 

Point. 

Pressure. 

ofVap. 

c 

Iravity. 

Temp. 

Point. 

Pressure. 

ofVap. 

Gravity. 

Temp. 

Point. 

0 

30.000 

.237 

.96358 

48 

37 

30.000 

.375 

.93463 

61 

50 

30.000 

.507 

.91278 

70 

59 

30.000 

.616 

B9764 

77 

65 

30.000 

.698 

.89018 

80 

69 

5000 

24.072 

.139 

.80230 

31 

22 

24.215 

.221 

.78245 

44 

35 

24.279 

.328 

.76703 

54 

46 

24.319 

.401 

15621 

61 

52 

24.342 

.443 

.75133 

64 

55 

10000 

19.338 

.068 

.66800 

14 

2 

19.531 

.112 

.65503 

28 

16 

19.675 

.162 

.64489 

38 

26 

19.738 

.200 

J 

B3762 

45 

32 

19.779 

.229 

.63436 

48 

36 

15000 

15.525 

.037 

.55629 

- 4 

- 14 

15.739 

.046 

.54855 

10 

- 8 

15.898 

.068 

.54180 

20 

2 

16.012 

.087 

.1 

53703 

27 

9 

16.060 

.100 

.53520 

31 

13 

20000 

12.409 

.46273 

- 24 

12.673 

.034 

.45856 

- 9 

-17 

12.811 

.046 

.45500 

1 

- 8 

12.974 

.064 

15147 

9 

0 

13.043 

.071 

.45068 

12 

3 

25000 

9.915 

.38489 

- 47 

10  162 

.38327 

-31 

10.342 

.38166 

-19 

10.467 

.015 

38010 

-11 

-35 

10.521 

.032 

.37980 

- 7 

-16 

30000 

7.852 

.32016 

- 62 

8.135 

.32035 

-56 

8.313 

.32010 

-43 

8.424 

31948 

-35 

8.483 

31980 

-30 
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By  comparing  this  synoptic  view  with  that  pre- 
sented by  Table  VII.,  it  will  be  seen,  that  the  specific 
gravity  and  elasticity  of  the  air  is  but  very  slightly 
affected  by  this  intermixture  of  aqueous  vapour ; so 
slightly,  indeed,  that  the  course  and  velocity  of  the 
currents,  as  represented  in  Table  VIII.  maybe  consi- 
dered, without  any  chance  of  disturbing  our  main  ar-  ‘ 
gument,  as  unaltered ; and  their  balance  to  be  that  by 
which  the  barometer  is  maintained  at  an  unvarying 
height.  It  will  also  be  remarked,  that,  while  the 
great  aerial  ocean  is  divided  into  two  distinct  strata, 
flowing  in  opposite  directions  from  north  to  south 
and  from  south  to  north,  the  aqueous  part,  which  is 
nearly  confined  to  the  lower  current,  presses  in  a con- 
trary direction.  The  adjustment  of  these  particu- 
lars remaining  as  now  supposed,  the  compensating 
winds  flow  on,  in  the  courses  which  have  been 
described,  and  the  balance  remains  undisturbed. 

The  admixture  of  vapour,  which  we  have  hitherto 
considered,  has  not  yet  affected  the  gradation  of 
temperature,  resulting  from  the  decreasing  density 
of  the  atmosphere  in  its  upper  parts  ; the  process  of 
evaporation,  however,  which  has  been  described, 
must,  in  time,  necessarily  induce  such  an  alteration. 
The  stream,  as  it  reaches  its  point  of  condensation, 
must  give  out  its  latent  heat,  and  during  its  precipi- 
tation, combining  with  a fresh  proportion,  it  again 
ascends  and  again  evolves  it  in  the  middle  regions. 
It  may  thus  be  considered  as  carrying  caloric  from 
the  surface  of  the  sphere  to  higher  strata ; and  it  is 
obvious  how  a considerable  section  of  any  one 
column  may  thus  have  its  temperature  equalized  and 
fully  saturated  with  aqueous  particles.  The  cur- 
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rents  thus  become  affected  both  by  the  expansive 
powers  of  the  vapour  and  of  the  extricated  heat — 
causes,  the  influence  of  which,  so  applied,  must  be 
partial,  and  cannot  reach  the  higher  regions.  The 
unequal  action  must  produce  a fall  in  the  baro- 
meter, as  has  been  before  explained. 

As,  on  one  hand,  this  effect  upon  the  barometer 
is  produced  by  the  augmentation  of  the  aqueous 
vapour ; so,  on  the  other,  a rapid  increase  of  the 
latter  may  be  produced  by  a fall  in  the  former.  The 
mechanical  resistance  of  the  air  must,  of  course,  be 
increased  by  its  motion  in  opposition.  When  this 
is  stopped,  as  it  soon  is,  by  a trifling  fall  of  the 
mercurial  column,  the  vapour  will  rush  forward 
with  its  whole  force,  retarded  only  by  its  filtration 
through  the  quiescent  air ; and  the  temperature  of 
the  higher  latitude  being  unable  to  support  its 
elasticity,  precipitation  must  follow.  From  the 
operation  of  these  causes,  the  temperature  of  the 
latitude  is  partially  affected,  the  density  of  the  air  is 
still  further  reduced,  and  the  aerial  current  is 
reversed.  The  course  of  the  vapour  is  thus  greatly 
accelerated,  and  abundant  precipitation  will  follow. 

The  progress  of  the  precipitated  moisture,  from 
the  time  when  its  first  streaks  would  visibly  shoot 
across  the  air,  to  the  time  when  it  would  descend  in 
rain  upon  the  globe,  is  not  without  its  interest.  In 
proportion  to  the  density  of  the  vapour,  no  doubt, 
must  be  the  magnitude  of  the  condensed  particles. 
When  first  formed  in  the  higher  elevations,  the 
cloud  would  probably  assume  a light  cirriform  ap- 
pearance ; in  lower  regions  the  precipitation  would 
•be  more  dense,  and  the  attraction  of  aggregation 
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stronger ; the  mass  would  subside  gently  to  a lower 
station,  where  the  density  of  the  air  would  oppose  a 
greater  resistance  to  its  descent.  Here,  in  a higher 
temperature,  the  cloud  would  again  begin  to  be  dis- 
solved, and  would  assume  a rounded  and  compact 
form;  and  thus  the  equalization  of  the  tempera- 
ture, and  the  diffusion  of  the  vapour,  would  be  car- 
ried on  from  several  points  at  once.  The  different 
beds  obey  the  impulse  of  the  winds,  and,  as 
they  sail  along,  enlarge  the  circumference  of  their 
action : till,  at  length,  the  natural  equilibrium  of  the 
atmosphere  can  be  no  further  curbed.  The  precipi- 
tations increase,  the  strata  of  the  clouds  inoscu- 
late, and  the  air  no  longer  buoys  up  their  load. 

It  will  be  convenient  here  to  subjoin  a synoptic 
view  of  the  force  of  the  aerial  current,  and  the 
counter-pressure  of  the  vapour  in  a mixed  atmo- 
sphere, surrounding  a sphere  unequally  heated  in 
the  manner  already  set  forth. 


TABLE  XXXVIL  Shewing  the  Force  of  the  different  Currents  in  a mixed  Atmosphere  of 
Air  and  Vapour , between  the  Poles  and  the  Equator. 
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I have  expressed  my  doubts  above,  whether  we 
have  sufficient  data  to  determine  the  amount  of  the 
resistance  which  the  pores  of  the  gaseous  consti- 
tuents of  the  atmosphere  offer  to  the  passage  of 
vapour  in  motion.  Experiments  certainly  are 
wanting  to  elucidate  this  relation ; the  observations, 
however,  of  De  Saussure  and  Dalton  throw  some 
light  upon  the  subject.  The  resistance  alluded  to, 
may  be  regarded  as  two-fold;  first,  in  connexion 
with  the  permanently-elastic  fluid  at  rest,  and 
secondly,  with  it  in  motion. 

With  regard  to  the  state  of  rest,  the  opposition 
with  which  vapour  passes  through  air,  is,  in  pro- 
portion to  its  density.  De  Saussure  concluded, 
from  his  experiments,  that  a diminution  in  the  den- 
sity of  one-third  doubled  the  rate  of  evaporation. 

With  regard  to  the  state  of  motion,  a breeze  in 
opposition  to  the  stream  of  vapour,  must  retard  its 
progress  as  much  as  one  in  the  same  direction 
favours  it.  Much  obscurity  envelopes  this  inquiry 
from  the  vagueness  of  the  terms  employed  in  de- 
noting the  velocity  of  the  air.  Mr.  Dalton  has  de- 
termined that  the  rate  of  evaporation,  in  a perfect 
calm,  being  denoted  by  120,  that  of  a brisk  wind 
is  154,  and  of  a high  wind  189.  The  retarda- 
tion of  opposing  currents,  of  the  same  respective 
forces,  may  therefore  be  reckoned  in  proportion. 

Some  important  conclusions  follow  from  these 
propositions,  however  wanting  in  precision.  It  is 
impossible,  in  the  present  state  of  our  knowledge, 
to  determine  the  absolute  velocity  with  which 
vapour  travels  under  any  of  the  circumstances 
mentioned ; but  the  relative  rate  of  different  parts 
of  the  same  column  may  be  approximated.  Thus, 
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taking  latitude  30,  laid  down  in  the  last  table,  the 
current  which  blows  in  the  direction  of  latitude  40, 
may  be  deemed  high,  and  retards  the  motion  of  the 
vapour  towards  latitude  20  accordingly.  At  the 
height  of  10,000  feet,  the  density  of  the  air  is  re- 
duced one-third,  and  the  velocity  is  consequently 
doubled:  to  which,  we  must  also  add,  that  the  op- 
posing current,  at  the  same  elevation,  declines  in 
strength,  whereby  the  force  is  again  increased  in 
the  proportion  of  189  to  154.  More  vapour,  there- 
fore, probably  would  pass  at  this  elevation  than  at 
the  surface ; although  its  excess  of  elasticity  is  only 
.044  inches  at  the  former  station,  and  .138  inches 
at  the  latter.  Whenever  a deep  stratum  of  air  has 
had  its  temperature  and  vapour  equalized,  in  the 
manner  before  described,  it  is  easy  to  conceive  that 
the  aqueous  atmosphere  may  travel  in  its  upper 
parts  with  considerable  velocity,  in  a course  di- 
rectly opposed  to  the  wind  at  its  lower.  The 
approximation  may  be  carried  a little  further,  per- 
haps, as  follows.  The  effect  of  a brisk  wind,  in 
accelerating  evaporation,  is  equal  to  an  increase  of 
about  three-tenths  of  the  elasticity  ; that  of  a high 
wind  to  six-tenths.  The  retarding  influence  of  the 
polar  current,  in  its  regular  state,  may  therefore  be 
apportioned  to  the  different  latitudes  in  Tables 
XXXV.  and  XXXVI.,  as  follows: — From  the  poles 
to  latitude  80  = of  the  elasticity,  to  lat.  70  = -j\, 
lat.  60  = lat.  50  = 40  = lat.  30  = 

lat.  20  = yV,  lat.  10  and  from  lat.  10  to  the 

equator  The  following  Table  then,  represents 
the  efficient  force  of  the  vapour  in  a lateral  direc- 
tion, calculated  for  the  surface  of  the  sphere,  and 
for  the  altitude  of  one-third  the  density. 


TABLE  XXXVIII.  Shewing  the  efficient  lateral  Force  of  Vapour  between  the  Poles  and  Equator  at  the 
Surface  of  the  Sphere,  and  at  the  Altitude  of  one-third  the  Density, 
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I must  here  repeat,  that  these  tables  are  not 
meant  to  impose  an  air  of  precision  upon  the 
subject,  which  the  present  state  of  our  knowledge 
does  not  warrant ; but  to  assist  our  conceptions  of 
the  general  effects  of  so  many  conflicting  causes. 
The  last  table  will  give  some  idea  of  the  retarda- 
tion of  force,  in  the  vapour,  occasioned  by  the  wind, 
at  the  surface  of  the  sphere,  and  also  of  the  increase 
of  velocity  occasioned  by  diminished  pressure  in 
the  upper  regions.  If  is  easy  to  understand  that, 
whenever  the  aerial  current  coincides  with  the 
direction  of  the  vapour,  the  progress  of  the  latter  is 
accelerated  in  the  same  proportion. 

The  permanency  of  the  Barometric  pressure, 
on  the  surface  of  the  sphere,  is  dependant,  as  we 
have  seen,  upon  the  equal  balance  of  the  aerial 
currents,  its  fluctuations  have  been  traced  to  the 
destruction  of  this  equipoise,  by  unequal  and  local 
expansions  and  condensations.  One  of  the  chief 
causes  of  these  latter,  there  can  be  no  doubt,  is  the 
increase  and  the  decrease  of  the  aqueous  vapour, 
counteracting  the  natural  progression  of  temperature, 
by  the  caloric  evolved  in  its  condensation  : but  there 
is  another,  to  which  no  allusion  has  yet  been  made, 
which  must  necessarily  be  powerful  in  this  opera- 
tion. It  has  hitherto  been  supposed,  for  the  sake 
of  simplifying  the  subject,  that  the  source  of  heat 
has  been  in  the  sphere  itself ; and  that  all  the  re- 
gular changes  of  temperature  have  emanated  from 
its  surface.  This  so  far  agrees  with  the  condition 
of  the  atmosphere  of  the  earth,  with  which  it  is  our 
final  object  to  identify  our  various  hypotheses  ; for, 
while  in  a transparent  state,  the  sun’s  rays  pass 
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through  the  air  without  materially  affecting  it,  and 
expend  their  energy  upon  the  surface  of  the  globe. 
But,  if  the  atmosphere  become  cloudy  and  opaque, 
the  rays  of  heat,  emanating  from  an  external  source, 
are  in  great  part  absorbed  before  they  reach  the 
surface,  and  an  increase  of  temperature  and  elastic 
vapour,  must  take  place,  in  the  middle  regions. 
Another  source  is  hence  derived  of  partial  and 
powerful  expansion, 

To  this  we  may  also  add,  the  property  which 
the  clouds  possess,  of  preventing  the  radiation  of 
heat  from  the  surface  beneath  them,  and  the  greater 
conducting  power  of  damp,  than  of  dry,  air. 

Amongst  the  literally  numberless  modifications 
of  circumstances,  to  which  an  atmosphere,  of  the 
nature  we  have  been  considering,  is  liable,  there 
are  yet  two  or  three,  to  which  it  will  be  necessary 
shortly  to  refer.  The  surface  of  the  sphere,  has 
hitherto  been  chiefly  considered  as  perfectly  plain, 
and  either  thoroughly  dry,  or  every  where  covered 
with  water, — we  will  now  contemplate  it  as  covered 
with  water,  to  the  extent  of  three  fourths  of  its  su- 
perficies, and  the  remaining  fourth  of  dry  earth,  un- 
even and  intersected  by  eminences.  This  inter- 
mixture of  land  and  water,  at  once  introduces  in- 
equalities of  temperature,  of  a different  character 
from  those  that  have  been  hitherto  considered. 
They  arise  chiefly,  from  the  greater  rapidity  both 
of  heating  and  cooling,  in  the  dry  surface,  depen- 
dant upon  the  peculiar  constitution  of  the  watery 
element.  It  will  not  be  essential  to  our  purpose 
to  trace  them  into  details.  As  the  processes  by 
which  their  impressions  are  communicated  to  the 
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incumbent  air,  are  slow  and  gradual,  they  mostly 
affect  the  different  columns  in  an  equable  manner ; 
so  that  their  influence  upon  the  currents  resolves 
itself  into  the  cases  which  have  been  already  pro- 
posed, of  total  and  regular  expansion.  With  re- 
spect to  the  vapour,  however,  the  case  is  different. 
It  is  evident,  from  principles  before  established, 
that  the  parts  of  the  atmosphere  which  are  im- 
mediately over  the  dry  spaces,  will  not  remain 
free  from  its  admixture ; for  the  elasticity  of  the 
surrounding  medium  will  sooi  supply  the  vacuum. 
The  rapidity  of  this  equalization  will  depend  upon 
the  mechanical  obstruction  of  the  air,  being  in- 
creased or  diminished  by  an  adverse  or  favour- 
able wind.  When  once  diffused  over  the  land, 
it  would  be  more  subject  to  condensation;  and  the 
amount  of  precipitation  must  be  restored  from  the 
expanse  of  waters. 

Unevenness  of  surface  would  also  tend  to  modify 
the  atmosphere,  in  an  inferior  manner.  Any  ele- 
vation would  obviously  partake  of  the  temperature 
due  to  the  stratum  of  air,  into  which  it  rose  ; but 
the  action  must  be  reciprocal,  and  as  the  heating 
surface  is  raised  to  higher  regions,  those  regions 
must  be  proportionally  and  unequally  affected. 

But  these,  and  similar  particulars,  belong  more 
especially  to  the  history  of  the  terrestrial  atmo- 
sphere ; and  we  are  now  arrived  at  that  point  where 
we  may  discontinue  the  synthetical  process,  and 
proceed  to  prove  the  accuracy  of  our  inductions, 
by  the  method  of  analysis. 
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PART  IV. 


Examination  of  the  Particular  Phenomena  of  the 
Atmosphere  of  the  Earth. 


The  test  of  our  theories  must  be  their  applica- 
tion to  meteorological  observations.  Of  these,  I 
shall  now  proceed  to  select  a few  of  the  most  gene- 
ral, and  the  best  authenticated  ; and,  after  a concise 
statement  of  each  fact,  will  endeavour  to  shew  how 
far  it  is  reconcileable  with  our  preceding  conclu- 
sions. If  the  principal  phenomena  of  this  intricate 
branch  of  natural  philosophy  should  be  found  to 
derive  any  elucidation  from  the  manner  of  viewing 
them  here  adopted,  it  may  be  worth  while  here- 
after to  review  the  registered  changes  of  different 
climates  in  a more  particular  manner  than  is  con- 
sistent with  the  nature  of  this  Essay. 

The  first  fact  to  which  I shall  address  myself  is, 
that 

I.  The  mean  height  of  the  Barometer  at  the  level  of 
the  sea,  is  the  same  in  every  part  of  the  globe. 

Equality  of  pressure  is  one  of  the  fundamental 
laws  of  Hydrostatics,  and,  consequently,  we  have 
seen  that  it  is  one  of  the  first  conditions  of  an  atmo- 
sphere at  rest.  We  have  also  seen,  that,  when  acted 


94 


PHENOMENA  OF  THE 


upon  by  disturbing  causes,  the  restoration  of  this 
equilibrium  is  the  object  of  all  the  motions  excited. 
Where  the  cause  is  permanent  and  equal,  the  effect 
produced  is  exactly  adequate  to  maintain  an  unfluc- 
tuating balance  ; and  equality  of  pressure  is  at- 
tained by  means  of  regular  currents.  Where  the 
cause  is  temporary  and  partial,  it  has  not  time  to 
effect  a general  adjustment,  and  partial  disturbances 
are  the  consequence  ; but  the  local  effects,  which  are 
in  reality  mere  undulations  of  the  medium,  must  al- 
ways be,  as  much  in  excess  on  one  side  as  they  are  in 
defect  on  the  other,  and  oscillate  round  the  same 
point  of  equilibrium.  The  balance  of  fluctuations 
will,  therefore,  still  exhibit  equality  of  pressure. 

II.  The  Barometer  constantly  descends  in  a geometrical 
progression  for  equal  ascents  in  the  atmosphere,  sub- 
ject to  a correction  for  the  decreasing  temperature 
of  the  elevation. 

This  observation  applies,  whatever  be  the  height 
of  the  mercurial  column  at  the  surface  of  the  sea, 
and  however  remote  from  its  mean  state. 

^ The  density  of  the  air  is  the  result  of  the  action 
and  re-action  of  its  gravity  and  elasticity  ; and  be- 
tween the  two  forces,  there  must  be  an  exact  ba- 
lance, that  is  to  say,  the  weight  of  the  air  which 
tends  to  compress  it,  and  the  elasticity  by  which  it 
endeavours  to  expand,  must  be  equal.  Now  the 
force  of  gravity  being  exerted  in  a perpendicular 
direction,  any  increase  or  decrease  in  the  two  an- 
tagonist powers  must  instantly  pervade  the  whole 
of  the  perpendicular  column  in  which  it  takes  place ; 
so  that,  under  every  circumstance  of  disturbance. 
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the  geometrical  progression  of  the  density  will  be 
maintained.  A local  change  in  any  section  of  the 
atmosphere  is  thus  instantly  distributed  through- 
out its  total  height ; while  the  general  compensa- 
tion of  the  system  is  more  gradually  produced  by 
lateral  movements. 

The  method  of  correcting  the  height  of  the  mer- 
curial column,  for  the  temperature,  usually  adopted 
in  Barometrical  mensurations,  is  by  no  means  cor- 
rect. It  consists  in  estimating  the  temperature  of 
the  air,  by  taking  an  arithmetical  mean  between 
the  heights  of  the  thermometer  at  the  upper  and 
lower  stations,  upon  the  supposition  of  the  uniform 
diffusion  of  heat  in  the  column  intercepted  between 
them.  Although  its  adoption,  in  cases  of  moderate 
elevation,  is  attended  by  no  very  sensible  error,  its 
insufficiency  is  very  manifest  at  great  altitudes. 
M.  De  Luc,  when  he  proposed  this  correction,  was 
sensible  of  its  imperfection  ; and  General  Roy  ob- 
serves, that  “ one  of  the  chief  causes  of  error  in 
barometrical  computations  proceeds  from  the  mode 
of  estimating  the  temperature  of  the  column  of  air 
from  that  of  its  extremities  ; which  must  be  faulty, 
in  proportion  as  the  height  and  difference  of  tem- 
perature are  great.”  The  preceding  speculations 
naturally  suggest  some  ideas  upon  this  subject, 
which  it  would  occupy  too  much  time  to  attempt 
to  develop  here.  It  is  sufficient  for  our  present 
purpose,  to  establish  that  some  correction  for  tem- 
perature is  necessary. 

III.  The  mean  temperature  of  the  earth's  surface  in- 
creases gradually  from  the  poles  to  the  equator. 

Upon  this  fact  it  is  not  necessary  to  enlarge.  It 
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is  well  known  to  be  the  result  of  the  unequal  im- 
pression of  the  sun’s  rays.  At  the  middle  point 
the  temperature  has  been  found  to  be  the  exact 
mean ; and  from  that  centre  the  heat  diminishes 
rapidly  northwards,  and  increases  with  equal  rapi- 
dity towards  the  south.  The  incumbent  atmo- 
sphere of  course  follows  the  same  gradation. 

IV.  The  mean  temperature  of  the  atmosphere  decreases 
from  below  upwards,  in  a regular  gradation. 

The  fact  is  sufficiently  established,  by  nume- 
rous observations. — Mr.  Dalton  was  the  first  to  de- 
monstrate, that  the  natural  equilibrium  of  heat  in 
an  atmosphere  is,  when  each  atom  of  air  in  the 
same  perpendicular  column,  is  possessed  of  the 
same  quantity  of  heat ; and,  consequently,  that  such 
an  equilibrium  results,  when  the  temperature  gra- 
dually diminishes  in  ascending.  This  is  the  na- 
tural consequence  of  the  increased  capacity  for  heat, 
derived  from  rarefaction.  When  the  quantity  of 
heat  is  limited,  the  temperature  must  be  regulated 
by  the  density.  Professor  Leslie*  also,  by  some 
delicate  experiments,  determined  the  expression  of 
this  law  of  progression ; and  has  shewn  that,  reckon- 
ing the  density  of  the  air,  at  the  surface  of  the 
sphere,  as  unit,  the  difference  between  the  density 
at  any  given  altitude,  and  its  reciprocal,  being  mul- 
tiplied by  45,  will  express  the  mean  diminution  of 
temperature  in  degrees  of  Fahrenheit’s  scale.  This 
rule  accords  exactly  with  numberless  experiments 
made  in  different  parts  of  the  globe.  Observations, 
likewise,  prove  that  the  fact  is  only  elicited  from 
the  mean  results  ; the  actual  daily  temperature 

* Ency.  Brit.  Sup.,  Article  Climate,  p.  188. 
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being  found  to  oscillate  at  certain  distances  on  each 
side  of  this  centre. 

V.  The  Barometer,  at  the  level  of  the  sea,  is  hut  very 
slightly  affected  by  the  annual  or  diurnal  fluctua- 
tions of  temperature. 

This  will  be  apparent  from  every  register,  whose 
mean  observations  are  consulted  with  this  view. 
The  vicissitudes  of  day  and  night,  and  the  changes 
of  the  seasons,  are  produced  by  very  gradual  pro- 
cesses of  heating,  and  cooling  ; the  alterations  of 
temperature  have  time  to  pervade  the  whole^  column, 
and  the  balance  is  preserved  by  the  equalization 
of  the  effect.  The  heating  power,  in  general,  being 
the  surface  of  the  earth,  the  arrangement  is  in  the 
most  perfect  form  for  effecting  this  end.  The  air 
above  becomes  cooled  from  its  position,  and  of 
greater  density  than  is  due  to  its  elevation  ; while 
that  below  is  expanded  by  its  contact  with  the 
heated  body,  and  a rapid  interchange  of  situation 
must  necessarily  ensue. 

This  cooling  of  the  atmosphere  by  radiation, 
must  be  distinguished  from  that  decrease  of  tem- 
perature, which  arises  from  increased  capacity. 
The  amount  of  the  latter  is  definite  for  the  height, 
and  it  is  a constituent  element  of  the  density 
due  to  the  elevation ; but  by  the  former  power,  the 
air  is  cooled  below  this  standard,  and  becomes  in 
its  successive  strata  specifically  heavier.  That 
this  emission  of  heat  into  space  is  constantly  going 
on,  is  evident  from  the  permanency  of  the  mean 
temperature,  which,  notwithstanding  the  constant 
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accession  which  it  receives,  from  the  sun,  ever  re- 
mains the  same. 

But  although  any  undue  acceleration  of  either  of 
the  great  principal  currents  is  prevented  by  this 
mixture  to  any  extent,  yet,  in  most  parts  of  the 
globe,  a tendency  has  been  observed  in  the  Baro- 
meter to  fall  during  the  day,  and  to  rise  at  night  * ; 
which  would  seem  to  indicate  that  the  lower  stra- 
tum becomes  rather  more  aflFected  by  the  diurnal 
temperature  than  the  upper.  This  exception,  how- 
ever, is  perfectly  reconcileable  to  theory  and  to  ob- 
servation ; for  it  is  well  known,  that  the  surface  of 
the  earth  becomes  more  rapidly  cooled  by  radia- 
tion, during  the  absence  of  the  sun,  than  the  air  ; 
a small  stratum,,  therefore,  which  isdn  immediate 
contact  with  it,  becomes  unduly  affected ; and,  as 
the  influence,  from  its  nature,  cannot  be  extended 
upwards,  an  increase  in  the  weight  of  the  whole 
column  takes  place.  The  returning  heat  dissipates 
this  accession  by  restoring  the  natural  progression 
of  temperature. 

VI.  The  Barometer,  in  the  higher  regions  of  the  atmo- 
sphere, is  greatly  affected  by  the  annual  and  diurnal 
fluctuations  of  temperature. 

This  observation,  is  easily  confirmed  in  various 
ways  ; but  for  the  present,  I shall  refer  for  its 
correctness  to  those  valuable  registers,  which  are 
simultaneously  kept-  at  Geneva,  and  the  summit 
of  Mont  St.  Bernard.  Upon  the  average  of  four 

♦ See  the  Essay  upon  the  Horary  Oscillations  of  the  Baro- 
meter. 
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years,  at  those  stations,  I find,  that  from  sun-rise 
to  2 P.M.,  the  upper  Barometer  gains  upon  the 
lower  .037  inch,  and  from  winter  to  summer  .260 
inch.  This  will  be  deemed  direct  and  satisfactory 
proof  of  the  proposition,  although  the  places  where 
the  observations  were  made,  are  not  exactly  suited 
to  exhibit  the  fact  in  its  most  striking  form.  The 
city  of  Geneva  is  situated  at  a great  height  above 
the  level  of  the  sea,  and  must,  therefore,  itself  par- 
take of  the  barometric  change  referred  to.  To  this 
we  may  add,  that  experiments,  made  Upoti  eleva- 
tions of  the  surface  of  the  earth,  can  by  no  means 
be  looked  upon  exactly  in  the  same  light,  as  if 
they  had  been  performed  at  equal  elevations,  in  the 
atmosphere  above  the  level  of  the  sea.  In  the 
former  case,  the  heating  surface  is  raised  into  the 
higher  regions,  and  cannot  fail  to  produce  a modi- 
fication of  circumstances,  different  from  those  which 
the  simple  problem  supposes.  As  the  existence, 
however,  of  an  effect,  and  not  its  amount,  is  here 
required  to  be  proved,  the  example  will  suffice. 

It  is  a consequence  which  naturally,  and  infalli- 
bly, flows  from  that  general  alteration  of  tempera- 
ture, which  does  not  affect  the  Barometer  at  the  level 
of  the  sea : for  as  the  expansion  and  contraction  do 
not  alter  the  total  weight  of  the  aerial  column,  it  is 
clear  that  they  must  change  the  relative  weights  of 
its  different  sections. 

VII.  The  heating  and  cooling  of  the  atmosphere,  by 
the  changes  of  day  and  night,  take  place  equally 
throughout  its  mass. 

This  is  fully  established  by  the  saute  series  of 
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observations.  Some  apparent  exceptions  will  be 
found,  upon  close  examination,  to  confirm  our 
conclusions.  The  mean  ranges  of  the  thermo- 
meters, for  the  twenty-four  hours,  exactly  corres- 
pond, during  the  winter  months,  in  the  two  situ- 
ations : but  in  the  summer,  the  lower  exceeds 
the  higher,  5 or  6 degrees.  The  reason  of  this 
discrepancy  will  be  obvious,  when  we  recollect 
that  the  convent  of  St.  Bernard  is  situated  within 
the  influence  of  perpetual  snows  : much  of  the  rising 
heat  is,  therefore,  expended  in  their  liquefaction, 
in  the  months  when  the  daily  temperature  rises 
above  the  term  of  congelation.  This  is  a striking 
example  of  the  difference,  which  we  have  before  re- 
ferred to,  between  observations  made  upon  lofty 
stations  of  the  earth’s  surface,  and  at  equal  altitudes 
in  the  atmosphere  above  the  sea.  The  impression 
of  the  surface,  whether  it  be  a heating  or  cooling 
power,  must  be  communicated  to  the  surrounding 
air. 

This  influence  may  also  be  traced  in  another 
way,  and  presents  an  illustration  of  a different 
point.  The  cooling  power  of  the  snow  must  produce 
an  unequal  effect  upon  the  currents  ; and  accordingly 
we  find  that  a proportionate  effect  is  indicated  by 
the  Barometer,  at  the  base  of  the  column,  which 
stands  a little  higher  in  the  summer  months  than  in 
the  winter. 

VIII.  The  average  quantity  of  vapour  in  the  atmo- 
sphere decreases  from  below  upwards,  and  from  the 
equator  to  the  poles. 

This  consequence  is  obviously  derivable  from  the 
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preceding  laws  of  temperature,  and  is,  moreover, 
amply  confirmed  by  experiment. 

IX.  The  condensation  of  elastic  vapour  into  cloud 
raises  the  temperature  of  the  air. 

In  confirmation  of  this  theoretical  and  practical 
conclusion,  the  following  observation  of  M.  de  Luc 
may  be  adduced. 

“Pendant  que  je  r^fl^chissois  sur  I’apparition 
subite  des  nuages,  je  decouvris  un  petit  amas  de 
vapeurs,  du  c6t6  du  nord,  d 3 ou  400  pieds  au- 
dessous  de  moi : Je  le  consid^rois  avec  attention, 
et  je  remarquois  d’abord  que  son  volume  augmen- 
toit  sensiblement,  sans  qu’il  me  fut  possible  d’ap- 
percevoir  d’ou  lui  venoient  ses  accroissements.  Je 
vis  ensuite  qu’au  lieu  de  s’abaisser  d mesure  qu’il 
grossissoit,  et  qu’il  paroissoit  meme  devenir  plus 
dense,  il  s’elevoit  au  contraire.  Le  vent  le  pous- 
soit  vers  moi.  II  m’atteignit  enfin,  et  m’environna 
tellement  que  je  ne  vis  plus  ni  le  ciel  ni  la  plaine. 
Je  pensai  au  m^me  instant,  d observer  mon  ther- 
momdtre,  qui  ^toit  suspendu  en  plein  air,  6xpos6  au 
soleil  et  que  j’avois  vu  auparavant  d Hr  4f  (42°  Fah.). 
Je  presumois  que  Taction  du  soleil  ^tant  intercept^e 
par  ce  nuage  mon  thermomfetre  devoit  baisser  et  je 
fus  tr^s  surpris  de  le  voir  au  contraire  d + 5 J (45° 
Fah.).  Le  nuage,  qui  continuoit  d monter  oblique- 
ment  vers  le  sud,  abandonna  bientdt  le  lieu  oii 
j’etois,  le  soleil  reparut  mais,  malgr6  son  action, 
le  thermometre  red^scendit.”  De  Luc,  tom.  iii., 
p.  251. 


102 


PHENOMENA  OF  THE 


X.  Another  remarkable  phenomenon  is,  that  there 
exists  a general  tendency  in  the  ivind  to  blow  from 
north-east  and  south-east  towards  the  equator,  in 
latitudes  below  30°. 

The  main-spring  of  all  the  grand  movements  in 
the  atmosphere  is,  no  doubt,  the  regular  gradation 
of  temperature,  which  exists  along  the  different 
latitudes  of  the  earth’s  surface.  It  was  Hadley  who 
first  attributed  to  its  right  cause,  viz.,  the  excess  of 
the  rotatory  velocity  of  the  equator,  the  flexure  to- 
wards the  west,  which  the  great  polar  currents  re- 
ceive, and  which  is  known  by  the  name  of  the  trade- 
winds  * . These  winds,  as  they  approach  the  equator, 
gradually  lose  their  northerly  and  southerly  direc- 
tions, and  blow  directly  from  the  east.  This  may 
be  explained  by  the  meeting  of  the  currents  from 
the  two  poles,  which  have  thus  their  opposite  im- 
pulses balanced ; when  nothing  remains,  but  that 
excess  of  inertia  which  leaves  them  behind  the  revo- 
lution of  the  globe.  For  the  same  reason,  they  lose 
much  of  their  energy  in  this  situation,  and  the 
neutral  line  is  subject  to  frequent  calms. 

XI.  While  the  trade  wind  blows  upon  the  surface  of 
the  earth,  a current  flows  in  the  contrary  direction, 
at  a great  elevation  in  the  atmosphere. 

This  necessary  consequence  of  the  theory  of  the 
trade  winds,  rested  for  a long  time  upon  theoretical 
conclusions  only:  the  emption,  however,  of  the 
volcano,  in  the  Island  of  St.  Vincent,  in  the  year 


* Phil.  Trans.  1735. 
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1819,  placed  the  fact  beyond  dispute.  The  Island 
of  Barbadoes  is  situated  considerably  to  the  east 
of  St.  Vincent,  and,  between  the  two,  the  trade 
wind  continually  blows,  and  with  such  force,  that 
it  is  with  considerable  difficulty,  and  only  by 
making  a very  long  circuit,  that  a ship  can  sail  from 
the  latter  to  the  former.  Notwithstanding  this, 
during  the  eruption  at  St.  Vincent,  dense  clouds 
were  formed  at  a great  height  in  the  atmosphere 
above  Barbadoes,  and  a vast  profusion  of  ashes  fell 
upon  the  island.  This  apparent  transportation  of 
matter  against  the  wind,  caused  the  utmost  astonish- 
ment amongst  the  inhabitants,  and  the  certainty  of 
the  fact  cannot  but  be  considered  as  of  the  utmost 
interest  to  the  science  of  meteorology. 

XII.  The  mean  height  of  the  Barometer  is  not 
affected  by  the  trade  winds. 

This  is  a proof  that  the  quantity  of  air,  which 
passes  below  from  the  poles  to  the  equator,  must  be 
exactly  balanced  by  an  equal  quantity  flowing 
above  in  the  opposite  direction. 

Xni.  Between  the  latitudes  30®  and  40°,  both  in  the 
northern  and  southern  hemispheres,  westerly  winds 
prevail. 

The  atmosphere,  from  the  processes  of  heating 
and  cooling,  which  it  is  incessantly  undergoing,  and 
from  the  position  of  the  heating  surface,  must,  as  we 
have  seen,  be  subject  to  a constant  circulation  from 
below  upwards ; but  the  direction  of  the  falling 
particles  is  diverted  from  the  exact  perpendicular 
direction  by  the  influence  of  the  great  lateral  cur- 
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rents : they,  therefore,  reach  the  earth  in  an  angular 
course.  Thus,  the  molecules,  situated  over  the 
equator,  which  become  cooled  by  their  remoteness 
from  the  earth,  descend  from  their  increase  of  spe- 
cific gravity ; but  in  their  descent  are  carried  by  the 
set  of  the  superior  stream  towards  either  tropic. 
Bearing  with  them,  as  they  do,  the  excess  of  the 
equatorial  velocity,  from  west  to  east,  they  no 
sooner  enter  the  lower  current  than  they  impart 
this  movement  to  it,  and  the  wind  is  modified  ac- 
cordingly. The  spaces  included  between  latitudes 
30°  and  40°,  appear,  from  observation,  to  be  the 
regions  where  this  influence  first  takes  effect,  and 
primarily  prevails.  If  it  be  asked,  why  this  effect, 
depending  apparently  upon  as  constant  a cause  as 
the  trade  winds  themselves,  is  less  certain  and 
steady  in  its  occurrence;  the  answer  will  lead  us  to 
other  causes,  which  affect  both  it,  and  sometimes 
the  eastern  winds,  and  which  will  presently  come 
under  our  notice.  We  may  add  to  our  remarks,  at 
present,  that  the  westerly  winds,  within  the  above- 
mentioned  limits,  are  much  more  regular  and  con- 
stant in  the  southern  hemisphere  than  in  the 
northern.  It  may  further  be  observed,  that  the  re- 
striction itself  of  the  east  winds,  within  the  30th 
degree  of  latitude,  is  owing  to  this  counteracting 
influence,  and  that  the  strictness  of  their  limits  can 
be  explained  upon  no  other  hypothesis. 

XIV.  The  western  coasts  of  the  extra-tropical  con- 
tinents have  a much  higher  mean  temperature  than 
the  easterji  coasts. 

This  difference  is  extremely  striking  between 
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the  western  coast  of  North  America  and  the  oppo- 
site  eastern  coast  of  Asia.  It  is  explained  by  the 
heat  evolved  in  the  condensation  of  vapour,  swept 
from  the  surface  of  the  ocean  by  the  western  winds. 
This  general  current,  in  its  passage  over  the  land, 
deposits  more  and  more  of  its  aqueous  particles, 
and  by  the  time  that  it  arrives  upon  the  eastern 
coasts,  is  extremely  dry : as  it  moves  onwards,  it 
bears  before  it  the  humid  atmosphere  of  the  inter- 
mediate seas,  and  arrives  upon  the  opposite  shores 
in  a state  of  saturation.  Great  part  of  the  vapour 
is  there  at  once  precipitated,  and  the  temperature  of 
the  climate  raised  by  the  evolution  of  its  latent  heat. 

XV.  A wind  generally  sets  from  the  sea  to  the  land 
during  the  day,  and  from  the  land  to  the  sea  during 
the  night,  especially  in  hot  climates. 

The  land  and  sea-breezes  are  amongst  the  most 
constant  of  the  phenomena  of  the  inconstant  subject 
with  which  we  are  occupied.  The  land  becomes 
much  more  heated  by  the  action  of  the  sun’s  rays 
than  the  adjacent  water ; and  the  incumbent  atmo- 
sphere is  proportionably  rarefied : during  the  day, 
therefore,  the  denser  air  of  the  ocean  rushes  to  dis- 
place that  of  the  land.  At  night,  on  the  contrary, 
the  deep  water  cools  much  more  slowly  than  the 
land,  and  the  reverse  action  takes  place.  As  these 
changes  proceed  gradually,  the  height  of  the  baro- 
meter is  not  affected  by  them. 

XVI.  The  trade  winds,  in  the  neighbourhood  of  the 
western  coasts  of  the  large  continents,  in  their  course, 
hare  their  direction  changed. 

This  is  an  effect  of  the  same  nature  as  that  of  the 
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land  and  sea-breezes.  Those  parts  of  Africa  and 
America  which  lie  between  the  tropics,  become  in- 
tensely heated  by  the  action  of  a vertical  sun : the 
columns  of  the  atmosphere,  which  rest  upon  them, 
must  therefore  be  highly  rarefied,  and  the  more  tem- 
perate air  of  the  surrounding  seas  will  press  upon 
them.  This  influence  is  so  decided  as  to  over- 
come the  tendency  of  the  east  wind';  and  on  the 
western  coasts  of  both  continents  a wind  from  the 
west  prevails.  This  is,  again,  an  instance  of  a 
complete  perpendicular  change  from  a permanent 
cause,  and  the  total  pressure  is  unaffected. 

Of  the  same  nature  are  the  Monsoons  of  the 
Indian  Ocean,  and  other  periodical  winds.  They 
are  occasioned  by  a particular  distribution  of  land 
and  water,  acted  upon  by  the  periodical  changes  of 
the  sun’s  declination.  While  the  sun  is  vertical  to 
the  places  where  they  occur,  the  land  becomes 
heated,  and  the  air  expanded,  and  the  wind  flows 
toward  the  coasts.  As  the  sun  retires  towards 
the  opposite  point  of  its  course,  the  land  cools 
faster  than  the  surrounding  seas,  and  the  course  of 
the  winds  is  westward.  The  simplest  way  of  re- 
garding the  sun’s  motion  in  declination,  as  affecting 
the  temperature  of  the  various  latitudes,  is,  to  sup- 
pose a motion  of  the  whole  system ; by  which  the 
line  of  greatest  heat,  and  the  two  points  of  greatest 
cold,  maintaining  their  relative  distances,  vibrate  on 
either  side  of  the  earth’s  equator  and  poles. 

None  of  these  changes  affect  the  barometer. 

It  may  now  be  understood,  that  it  is  the  inter- 
mixture of  land  and  water,  joined  with  other  dis- 
turbing causes,  which  prevents  the  extra-tropical 


ATMOSPHERE  OF  THE  EARTH.  107 

western  winds  from  being  as  regular  in  their  course 
as  the  tropical  trade  winds,  and  a slight  inspection 
of  the  chart  will  demonstrate,  that  the  northern 
hemisphere,  including  the  great  continents  of 
Europe,  Asia,  and  North  America,  must  be  more 
under  this  influence  than  the  southern,  which  is  com- 
paratively free  from  such  effects. 

XVII.  Rain  seldom  occurs  in  the  constant  trade 
wmds,  but  abufidantl^  and  constantly  in  the  adjoin- 
ing latitudes. 

Between  the  tropics,  the  elasticity  of  the  aqueous 
vapour  reaches  its  maximum  amount,  and  within 
these  limits  only,  rises  to  any  extent  into  the  upper 
current  of  the  atmosphere.  Its  own  force,  therefore, 
which  is  laterally  exerted,  is  assisted  by  the  equa- 
torial wind,  and  it  flows  to  the  north  and  south  as 
fast  as  it  rises  within  the  zone.  No  accumulation 
can,  therefore,  be  formed ; and  the  temperature  being 
remarkably  steady,  seldom  varying  more  than  two 
or  three  degrees,  precipitation  can  but  seldom 
occur. 

The  continental  parts,  however,  of  the  same 
regions,  being  liable  to  greater  vicissitudes  of 
heat,  are  subject  to  rainy  seasons,  which  are  peri- 
odical, like  the  Monsoons  of  the  same  climates,  and 
are  governed,  as  they  are,  by  the  progress  of  the 
sun  in  declination.  The  condensation,  while  it 
lasts,  is  in  proportion  to  the  density  of  the  vapour, 
and  is  violent  beyond  any  thing  that  is  known  in 
temperate  climates.  The  alternate  seasons  of  fine 
weather  are  distinguished  by  cloudless  skies  and 
perfect  serenity. 
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The  extra^tropical  latitudes,  on  the  contrary,  be- 
yond the  bounds  of  the  trade  winds,  are,  at  all  times, 
exposed  to  great  precipitations.  The  vapour  in  its 
course  is  subjected  to  a rapidly  decreasing  tempe- 
rature, and  the  condensation  is  fed  by  a constant 
supply.  We  are  thus  led  to  the  consideration  of  a 
temperate  zone,  and  a variable  climate. 

XVIII.  Between  the  tropics  the  fluctuations  of  the  . 

Barometer  do  not  much  exceed  ^ of  an  inch,  while 

beyond  this  space  they  reach  to  3 inches. 

The  great  characteristics  of  the  tropical  regions 
are  constancy  of  temperature,  and  freedom  from 
aqueous  precipitation.  I speak  now  more  particu- 
larly of  the  included  oceans,  which  are  so  extensive, 
compared  with  the  land,  as  necessarily  to  stamp 
the  character  of  the  climate.  The  phenomena,  on 
the  latter,  are  so  limited  as  scarcely  to  affect  the 
total  result,  and  are  to  be  regarded  more  in  the  light 
of  exceptions,  in  whatever  points  they  differ  from  the 
general  rule. 

Now  variations  of  temperature  alone  have  been 
satisfactorily  proved  not  to  affect  the  mercurial 
column:  and  it  is  in  the  aqueous  condensation, 
that  we  shall  probably  find  the  cause  of  baro- 
metrical changes.  The  vapour,  as  we  have  seen, 
passes  north  and  south  from  the  equatorial  parts, 
and  reaching  the  extra-tropical  regions,  is  preci- 
pitated. The  effect  of  this  precipitation  must 
be  to  destroy  the  progression  of  temperature  in 
the  vertical  columns,  by  equalizing  the  heat  of 
the  strata  exposed  to  its  influence.  But,  as  this 
process  is  carried  on  chiefly  in  the  lower  current. 
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and  cannot,  from  its  very  nature,  equally  affect  the 
column,  the  total  weight  will  be  reduced  by  the  con- 
sequent irregular  expansion. 

XIX.  In  the  temperate  climates  the  rains  and  the 
winds  are  variable. 

One  of  the  great  causes,  of  the  variableness  of 
the  wind,  has  already  been  pointed  out  in  the  greater 
abundance  of  land  in  the  extra-tropical  parts  of 
the  northern  hemisphere.  Another  cause  obvi- 
ously must  originate  in  the  variations  of  barome- 
trical pressure.  The  rain  must  depend  very  much 
upon  the  changes  of  the  wind,  and  the  retardation 
or  acceleration  which  they  offer  to  the  progress  of 
the  vapour.  But  another  cause  arises  from  the  un- 
equal supply,  which  the  process  of  evaporation  re- 
ceives from  the  irregular  surface  of  the  globe.  This 
cannot  be  placed  in  a stronger  light  than  by  the  fol- 
lowing considerations.  The  Caspian  Sea,  which  is 
placed  in  the  centre  of  the  largest  continent  of  the 
world,  receives  the  precipitations  of  an  immense 
tract  of  the  atmosphere  by  means  of  the  rivers  which 
flow  into  it,  and  drain  the  neighbouring  countries. 
The  whole  of  this  supply  is  again  returned  by  eva- 
poration, and  its  waters  have  no  other  means  of 
escape.  The  lakes  of  North  America,  situated  in 
nearly  the  same  parallel  of  latitude,  and  at  the  same 
altitude,  receive  the  drains  of  a much  less  space  ; 
but  annually  roll  an  immense  volume  of  water  to  the 
ocean.  We  are  thus  furnished  with  an  hygrometer 
upon  a large  scale,  by  which  we  may  judge  of  the 
state  of  saturation  of  the  two  atmospheres.  The 
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difference  can  arise  from  no  other  cause  than  the 
proximity  of  the  surrounding  seas  in  the  latter 
situation,  which  furnish  an  inexhaustible  source  of 
vapour,  which  is  deficient  in  the  other.  It  is  for 
the  same  reason  that  less  vapour  is  contained  in  the 
atmosphere  above  a continent,  than  above  the 
ocean,  although  more  rain  falls  in  the  former  situa- 
tion than  in  the  latter  under  the  same  latitudes, 
owing  to  the  greater  vicissitudes  of  temperature. 
Much  of  the  aqueous  atmosphere  which  is  formed 
from  the  great  deeps,  is  thus  drawn  off  towards  the 
continents,  where  a scarcity  of  water  occasions  an 
inadequate  pressure  of  the  vapour. 

XX.  As  we  advance  towards  the  Polar  Regions  we 
find  the  irregularities  of  the  wind  increased  ; and 
storms  and  calms  repeatedly  alternate,  without  warn- 
ing  or  progression. 

The  very  instructive  “ Account  of  the  Arctic 
Regions,”  for  which  we  are  indebted  to  Captain 
Scoresby,  and  the  interesting  Journal  of  Captain 
Parry,  have  made  us  well  acquainted  with  the  in- 
teresting regions  of  perpetual  ice  and  snow.  In 
our  hypothetical  statement  of  the  progression  of  the 
earth’s  temperature,  we  have  supposed  no  greater 
cold  to  prevail  than  that  of  0°  at  the  poles,  but  the 
experience  of  our  intrepid  Navigators  has  proved 
that  a cold  of  50°  greater  intensity  sometimes 
prevails  in  latitudes  still  far  removed  from  the  90th 
degree.  The  density  of  the  air  is,  of  course,  pro- 
portionately increased,  and  its  sources  of  inequality 
multiplied.  When  the  sun  is  above  the  horizon,  it 
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produces  comparatively  little  effect  upon  the  icy 
mountains,  while  the  neighbouring  seas  are  warmed 
by  its  unceasing  influence.  The  extremes  of  heat* 
and  cold  will  sometimes  prevail  within  a very  li- 
mited compass  ; and  forcible  winds  will  blow  in  one 
place,  when,  at  a distance  of  a few  leagues,  gentle 
breezes  prevail.  “ Ships,  within  the  circle  of  the 
horizon,  may  be  seen  enduring  every  variety  of 
wind  and  weather,  at  the  same  moment ; some  under 
close-reefed  top-sails  j labouring  under  the  force  of  a 
storm ; some  becalmed  and  tossing  about  by  the 
violence  of  the  waves;  and  others  plying  under 
gentle  breezes  from  quarters  as  diverse  as  the  car- 
dinal points.”  The  fluctuations  of  the  barometer 
are  also  great  and  sudden,  proving  what  theory 
would  have  induced  us  to  conclude,  that  the  irregu* 
larities  of  these  regions  extend  to  the  higher  strata 
of  the  atmosphere. 

XXL  In  the  extra-tropical  climates,  a fall  in  the 
Barometer  almost  always  precedes  a period  of  rain, 
and  indicates  an  acceleration  or  change  of  the  aerial 
currents. 

As  the  proximate  cause  of  the  fall  of  the  baro- 
meter is  an  accumulation  of  aqueous  vapour,  and  a 
consequent  unequal  expansion  of  the  atmospheric 
columns,  it  is  obvious  that  this  alone  would  increase 
the  probability  of  a proportionate  precipitation ; 
but  it  is  not  the  only  reason  of  the  effect.  The  fall 
of  the  barometer  indicates  a decrease  of  density  in 
the  aerial  currents,  and,  consequently,  a decrease  of 
the  resistance  to  the  passage  of  the  vapour.  A con- 
stant stream  will  thus  rush  in  with  increasing  force, 
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augmenting  by  its  condensation  the  cause  of  its  ve- 
locity, till  a current  sets  in  from  some  other  quarter, 
and  restores  the  equilibrium. 

XXII.  Barometers,  situated  at  great  distances  from 
each  other,  often  rise  and  fall  together  with  great 
regularity. 

This  proves  that  the  cause  of  the  variations  must 
be  very  extended  in  its  influence  ; and  from  all  our 
preceding  inquiries  the  conclusion  d 'priori  would  be 
the  same.  The  proximate  cause  is  one  of  unlimited 
extent,  and  in  so  fluid  a medium  the  remoter  influ- 
ence must  be  widely  felt.  It  has  been  observed  that 
this  unison  of  action  extends  further  in  the  direction 
of  the  latitude  than  in  that  of  the  longitude,  and  the 
remark  materially  confirms  our  theory;  for,  as  the 
grand  currents  of  the  atmosphere  flow  in  the  direc- 
tion of  the  meridians,  any  irregularity  in  their  courses 
would  most  readily  be  propagated  in  the  same  line. 

XXIII.  More  than  two  currents  may  often  be  traced 
in  the  atmosphere  at  one  time  by  the  motions  of  the 
clouds,  ^c. 

The  great  fluctuations  of  the  atmosphere  have 
been  referred  to  modifications  and  disturbances  in 
the  courses  of  two  principal  currents,  but  from  the 
very  nature  of  the  disturbing  causes  which  we  have 
been  considering,  it  is  obvious  that  these  must  often 
include  subordinate  currents  and  minor  systems  of 
compensation  within  themselves.  When  we  recol- 
lect, not  only  that  every  mountain  and  sea,  but  that 
every  hill,  and  lake,  and  river,  (not  to  descend  to  the 
more  minute  and  numberless  influences  of  artificial 
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arrangements,)  produce  very  appreciable  impres- 
sions, it  is  obvious  that  wp  must  consider  the  great 
streams  as  made  up  of  inferior  circulations  ; which, 
like  the  eddies  of  a river,  or  the  waves  of  the  sea,  do 
not  affect  the  main  flux  of  the  currents. 

XXIV.  The  force  of  the  winds  does  not  always 
decrease  as  the  elevation  increases;  but,  on  the 
contrary,  is  often  found  to  augment  rapidly, 

A slight  inspection  of  Table  VIII.  will  shew  that 
this  remark  is  in  exact  correspondence  with  the 
theory.  It  will  there  be  seen  that,  in  the  regular 
course  of  the  currents,  the  lower  wind  dies  away  gra- 
dually as  we  ascend,  and  at  a certain  height  gives 
place  to  a gentle  breeze  in  a contrary  direction : this 
increases  in  force  with  the  height,  till,  notwithstand- 
ing the  rarity  of  the  air,  its  impulse  is  so  great  as  to 
produce  a very  strong  wind.  Some  of  the  hypothe- 
tical cases,  of  the  disturbance  of  this  regular  order, 
present  still  more  marked  instances  of  winds  increas- 
ing upwards. 

XXV.  The  variations  of  the  Barometer  are  less,  m 
high  situations,  than  in  those  at  the  level  of  the  sea. 

The  range  of  the  barometer  for  any  given  latitude, 
should  be  in  inverse  proportion  to  its  elevation  in 
the  atmosphere : for,  as  we  have  seen,  under  all  cir- 
cumstances, the  law  of  the  progression  of  density 
must  be  maintained.  Any  cause,  therefore,  pro- 
ducing a given  change  at  an  altitude  whose  density 
is  one  half,  must  produce  double  the  effect  at  the 
level  of  the  full  pressure  ; and,  on  the  other  hand,  a 
rise  of  the  barometer,  of  two- tenths  of  an  inch  at  the 
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base  of  a column,  will  only  be  felt  as  one-tenth  at  the 
height  due  to  half  the  density. 

The  British  Islands  are  situated  in  such  a manner 
as  to  be  subject  to  all  the  circumstances  which  can 
possibly  be  supposed  to  render  a climate  irregular 
and  variable.  Placed  nearly  in  the  centre  of  the 
temperate  zone,  where  the  range  of  temperature  is 
very  great,  their  atmosphere  is  subject,  on  one  side, 
to  the  impressions  of  the  largest  continent  of  the 
world,  and,  on  the  other,  to  those  of  the  vast  Atlantic 
Ocean.  Upon  their  coasts  the  great  stream  of 
aqueous  vapour,  perpetually  rising  from  the  western 
waters,  first  receives  the  influence  of  the  land,  whence 
emanate  those  condensations  and  expansions  which 
deflect  and  reverse  the  grand  system  of  equi- 
poised currents.  They  are  also  within  the  reach  of 
the  frigorific  effects  of  the  immense  barriers  and 
fields  of  ice,  which,  when  the  shifting  position  of  the 
sun  advances  the  tropical  climate  towards  the  north- 
ern pole,  counteract  its  energy,  and  present  a con- 
densing surface  of  immense  extent  to  the  increasing 
elasticity  of  the  aqueous  atmosphere.  Amidst  all 
the  uncertainty  and  seeming  confusion  arising  from 
this  complication,  our  general  principles  may  still 
be  recognised  ; and  I would  fain  hope  that  the  more 
they  are  studied,  the  more  obvious  they  will  appear, 
as  in  this  case,  above  all  others,  “ exceptions  prove 
the  rule.  ’ 

XXVI.  In  Great  Britain,  upon  an  average  of  ten 
years,  westerly  winds  exceed  the  easterly  in  the 
proportion  of  225  to  1 40. 

From  the  geographical  situation  of  the  island,  we 
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should  be  led  to  suppose  that  the  atmosphere  must 
come  within  the  influence  of  the  descending  equa- 
torial particles,  and  that  winds  from  the  west  would 
prevail;  and  this  conclusion  is  confirmed  by  the 
observation.  Of  those  from  the  east,  the  northerly 
exceed  the  southerly  in  the  proportion  of  about 
74  to  54;  leaving  but  a very  small  proportion 
indeed,  which  blow  from  the  most  irregular  point, 
viz,,  the  south-east.  The  north-east  may  be  re- 
garded as  those  which,  coming  from  the  north, 
have  not  attained  the  velocity  of  rotation  due  to  the 
latitude. 

XXVII.  t/pow  the  same  average,  the  northerly  winds 
are  to  the  southerly  as  192  to  173. 

By  this  classification  we  most  readily  detect  the  in- 
fluence of  local  disturbing  causes.  Were  it  not  for 
these,  the  northerly  current  would  prevail  throughout 
the  year ; but  the  condensation  of  vapour  to  the  north 
and  north-east  of  this  situation  is  so  great  as  to  cause 
perpetual  diminutions  of  the  aerial  columns,  and 
consequent  deflections  of  the  currents.  In  the  cen- 
tral parts  of  Europe,  the  northern  winds  are  much 
more  regular ; and  there,  especially  in  summer,  the 
Etesian  breeze  constantly  prevails.  Of  the  winds 
from  the  south,  it  may  also  be  remarked,  that  the 
westerly  exceed  the  easterly  in  the  proportion 
of  104  to  54. 

XXVIII.  Northerly  winds  almost  invariably  raise 
the  Barometer  ; while  southerly  winds  as  constantly 
depress  it. 

The  northerly  current  is  the  natural  course  of  the 
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air,  and,  where  the  regular  order  has  been  disturbed, 
in  consequence  of  diminished  local  pressure,  a re- 
turn to  it  restores  the  equilibrium.  Coming  from 
the  frozen  arctic  regions,  it  speedily  reduces  the 
accumulation  of  vapour,  stops  the  supply,  and  dissi- 
pates the  concomitant  heat,  from  which  originated 
the  depression ; and,  if  it  flow  with  a velocity  be- 
yond its  regular  rate,  causes  a reduction  of  tempe- 
rature below  the  due  progression,  and  augments  the 
total  weight.  The  southerly  wind,  on  the  contrary, 
facilitates  the  passage  of  the  vapour,  which  by  its 
unremitting  condensation  unceasingly  increases  the 
cause  of  depression. 

XXIX.  The  most  permanent  rains  of  this  climate 
come  from  the  southern  regions. 

The  supply  of  vapour,  which  occasions  rain,  may 
be  traced  to  two  sources : — One  is  the  evaporation 
of  the  latitude  itself,  where  it  is  precipitated ; and 
the  other,  the  stream  which  is  perpetually  strug- 
gling to  advance  from  the  equatorial  zone.  • These 
causes  sometimes  act  conjointly,  and  sometimes 
separately.  Rain  from  the  first,  is  derived  from 
sudden  falls  of  temperature,  produced  by  cold  cur- 
rents, or  the  changes  of  the  seasons,  and  assumes 
the  form  chiefly  of  showers  of  greater  or  less  con- 
tinuance. The  expenditure  of  vapour  is  but  slowly 
supplied,  and  the  precipitation  occurs  at  intervals. 
Rain,  from  this  source,  is  always  accompanied  by  a 
declining  temperature.  When,  on  the  contrary,  in 
consequence  of  diminished  pressure,  the  tropical 
current  reaches  in  succession  the  colder  parallels, 
the  supply  continues  in  a perpetual  flow ; the  tern- 
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perature  is  raised,  the  depression  of  the  Baro- 
meter increases,  and  rain  descends  with  little  in- 
termission. 

XXX.  TJiq  mean  height  of  the  Barometer  varies 
but  little  with  the  changes  of  the  seasons. 

Many  persons  have  supposed  that  the  fluctua- 
tions of  the  Barometer  are  owing  to  the  greater  or 
less  weight  of  the  aqueous  particles,  contained  in 
the  atmosphere,  at  one  time  than  at  another.  If, 
however,  our  theory  be  correct,  the  difference  of  pres- 
sure between  a perfectly  dry  atmosphere,  and  one 
saturated  with  moisture,  cannot  much  exceed  .150 
inch : the  difference  of  the  seasons  must,  therefore, 
be  even  less  than  this  amount.  But,  small  as  it 
is,  it  may  nevertheless  be  detected  by  the  sys- 
tem of  averages.  Mr.  Howard,  in  his  invaluable 
work,  upon  the  climate  of  London,  has  brought  out 
the  difference  of  pressure,  for  the  several  seasons, 
upon  a calculation  of  ten  years’  observations,  as 
follows : — 

Brumal  period  above  the  autumnal  .021  inch. 
Vernal  period,  above  the  Brumal,  .030  inch.  Esti- 
val, above  the  Vernal,  .045  inch,  and  Autumnal 
below  the  Estival,  .096  inch.  These  results  are 
in  exact  accordance  with  our  theoretical  conclusions. 

The  subject  of  atmospheric  vapour  has  hitherto 
been  less  studied  than  its  importance  would  seem 
to  require.  Observations  upon  its  variations  are 
very  deficient,  owing  to  the  uncertainty  and  imper- 
fection of  the  means  generally  adopted  for  mea- 
suring its  effects.  A few  general  conclusions  which 
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have  suggested  themselves  to  me,  from  the  constant 
use  for  three . years  of  a more  perfect  instrument 
for  that  purpose,  and  some  valuable  results  de- 
rived from  the  experiments  of  my  friend.  Captain 
Sabine,  during  a twelve-months’  residence  between 
the  Tropics,  will  add  no  small  weight  to  our  syn- 
thetic deductions. 

XXXI.  The  elasticity  of  the  aqueous  vapour  does 
not  decrease  gradually  as  we  ascend  in  the  atmo- 
sphere, in  proportion  to  the  gradual  decrease  of  the 
temperature  and  density  of  the  air  ; but  the  dew- 
point remains  stationary  to  great  heights,  and  then 
suddenly  falls  to  a large  amount. 

To  this  conclusion  I had  been  led,  by  my  theo- 
retical speculations,  long  before  I had  any  hopes 
of  being  able  to  confirm  it,  by  direct  experiment. 
I have,  however,  at  last  succeeded  in  obtaining 
complete  evidence  of  its  correctness.  As  the  fact 
is  altogether  new  in  Natural  History,  and  as  it 
is  essential  to  the  theory  which  I have  been 
endeavouring  to  establish,  forming  indeed  the 
test  by  which,  it  may  be  most  correctly  judged,  I 
shall,  I trust,  be  excused  for  enlarging  somewhat 
upon  it. 

The  first  experiments  to  which  I shall  refer,  as 
bearing  upon  this  point,  are  those  of  Mr.  Green,  the 
Aeronaut.  An  account  of  this  gentleman’s  ascent 
in  a Balloon,  from  Portsea,  on  the  6th  of  September, 
1821,  is  given  in  the  12th  volume  of  the  Journal  of 
the  Royal  Institution  (p.  114).  Amongst  other 
instruments  of  research,  he  took  up  with  him  one 
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of  my  Hygrometers.  He  unfortunately  omitted  to 
take  the  point  of  deposition,  before  he  commenced 
his  ascent ; but  the  omission  is  of  less  consequence 
as  I happened  to  make  an  observation  at  the  time, 
at  no  very  great  distance  from  the  spot.  At  an 
elevation  of  about  9890  feet,  he  found  the  dev^- 
point  at  64^,  exactly  the  same  as  I ascertained  it 
to  be  at  the  surface  of  the  earth.  At  11060  feet 
it  had  fallen  to  32"",  making  a difference  of  32 
degrees  in  little  more  than  1100  feet.  Here, 
then,  we  have  presumptive  evidence  of  an  im- 
mense bed  of  vapour  rising  in  its  circumambient 
medium,  unaffected  by  decrease  of  density  or  tem- 
perature till  checked  by  its  point  of  precipitation ; 
and  of  an  incumbent  bed  of  not  much  more  than 
one-third  the  density,  regulated,  no  doubt,  as  the 
last,  by  its  own  point  of  deposition  in  loftier 
regions. 

Captain  Sabine,  by  his  experiments  upon  moun- 
tains in  tropical  climates,  has  established  the  same 
fact  in  the  most  unexceptionable  manner.  At  Sierra 
Leone,  he  ascertained  that  the  dew-point  of  the 
vapour,  at  the  level  of  the  sea,  was  70"’;  and  that  it 
was  the  same  at  the  same  hour  upon  the  summit  of 
the  Sugar-loaf  Mountain,  2520  feet  above.  At  the 
Island  of  Ascension,  the  barometer,  17  feet  above  the 
level  of  the  sea,  stood  at  30.165  inches — tempera- 
ture of  air  83°,  and  the  dew-point  68°.  On  the  sum- 
mit of  the  mountain  the  barometer  fell  to  27.950  in- 
ches, and  the  temperature  of  the  air  to  70°,  while  the 
dew-point  only  declined  to  66°. 5 ; so  that  in  a height- 
of  2220  feet,  the  temperature  of  the  air  fell  13°,  and 
the  constituent  temperature  of  the  vapour  1°,5. 
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At  Trinidad,  the  temperature  of  the  air  at  the 
level  of  the  sea  was  82°,  and  the  dew-point  77°  ; 1060 
feet  above,  they  were  both  76.°5,  and  precipitation 
was  going  on. 

At  Jamaica,  by  the  sea-side,  the  temperature  of 
the  air  was  80°,  and  the  point  of  deposition  73° ; 
while,  on  the  mountains,  at  a height  of  4080  feet, 
they  were  both  68°.  5.  At  a station,  not  five  hun- 
dred feet  higher,  by  experiment  twice  repeated,  the 
point  of  deposition  was  found  to  be  49°,  and  the 
temperature  of  the  air  65°. 

These  results  are  utterly  irreconcileable  with  the 
idea  of  the  aqueous  particles  in  the  atmosphere 
being  suspended  by  any  law  analogous  to  that  of 
chemical  solution ; and  I am  much  mistaken  if  they 
may  not  be  received  as  experimental  confirmation 
of  the  theory  of  mechanical  mixture. 

Captain  Sabine’s  experiments  furnish  also  some 
evidence  of  that  slight  diminution  of  density  in  the 
upper  parts  of  the  beds  of  vapour  which  would  arise 
from  the  decrease  of  their  own  pressure,  and  which 
I have  anticipated  in  the  second  part  of  this  essay. 
In  the  experiments  at  Jamaica,  the  dew-point  fell 
about  4°.5  in  4080  feet.  In  Table  XXIII.,  it  will 
be  seen,  that  I have  calculated  this  diminution  to 
be  3°.  5 in  5000  feet,  for  an  atmosphere  of  much  less 
density. 

In  noticing  here  the  demonstrative  nature  of  the 
evidence  in  favour  of  the  mechanical  theory  of  the 
mixture  of  the  gases  with  vapour,  I cannot  refrain 
. from  saying  a few  words  with  regard  to  the  same 
theory  as  applied  to  the  mixture  of  gases  with  one 
another.  With  a view  of  simplifying  as  much  as 
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possible  a subject  which,  above  all  others,  perhaps, 
is  the  most  complicated  in  nature,  I have  spoken  of 
the  permanently-elastic  fluid  of  the  atmosphere  as  a 
simple  gas,  whereas,  it  is  well  known,  to  be  com- 
pounded of  two  or  three.  The  constancy  of  the  pro- 
portions, in  which  these  are  found  to  be  combined 
in  every  situation,  is  the  never-failing  theme  of 
wonder  and  admiration,  and  it  is  perpetually  re- 
ferred to  as  evidence  of  chemical  combination.  I 
must  own,  that  it  strikes  my  mind  in  a very  dif- 
ferent manner,  and  I conceive  that  the  fact  is  much 
more  reconcileable  to  the  mechanical  than  to  the 
chemical  theory. 

If  we  suppose  a consumption  of  the  oxygen  to 
take  place,  by  the  decomposition  of  the  atmosphere, 
at  any  given  spot,  in  what  way  is  chemical  affinity 
to  act  to  restore  the  uniformity  of  the  compound? 
No  evolution  of  oxygen  takes  place,  and  it  cannot 
be  supplied  by  the  surrounding  portions ; for  the 
affinity  of  nitrogen  for  oxygen  can  never  be  supplied 
by  the  decomposition  of  nitrogen  and  oxygen,  which 
are  held  together  by  the  same  affinity.  On  the  other 
hand,  if  the  oxygen  and  the  nitrogen  be  two  distinct 
elastic  atmospheres,  mutually  permeating  and  per- 
vading each  other’s  interstices,  the  particles  of  each 
pressing  only  upon  like  particles,  and  only  slightly 
opposing  one  another  in  their  separate  motions,  then 
a local  consumption  of  oxygen  would  be  instantly 
supplied  by  a rush  of  the  elastic  fluid  towards  the 
spot  where  the  equality  of  pressure  had  deen  dis- 
turbed. In  the  same  way,  any  partial  supply  of 
either  gas  would  instantly  be  equalized ; and  that 
equal  diffusion  which  is  avowedly  inexplicable 
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upon  chemical  principles,  is  perfectly  reconcile- 
able  to  the  principles  of  hydrostatics.  I shall  not 
now  stop  to  insist  upon  the  analogy  between  va- 
pours and  gasses,  though  the  late  beautiful  ex- 
periments of  Mr.  Faraday  have  almost  annihilated 
the  distinction  even  in  name  ; but  shall  revert  to  the 
subject,  from  which  it  may  be  thought  that  I have 
been  wandering. 

XXXII.  The  tension  of  vapour  given  off  in  the  pro- 
cess of  evaporation  is  determined,  not  hy  the  tem- 
perature of  the  evaporating  surface,  but  by  the  elas- 
ticity of  the  aqueous  atmosphere  already  existing. 

I have  often  endeavoured,  by  means  of  the  hygro- 
meter, to  detect,  within  a limited  circle,  a differ- 
ence in  the  elastic  state  of  the  vapour  incumbent 
upon  different  surfaces  of  various  temperatures,  but 
without  success  : the  rising  vapour  was  always  of 
the  same  quality,  whether  from  water,  vegetation, 
or  ploughed  land  ; in  sun-shine,  or  in  shade.  For 
the  same  reason,  the  dew-point  is  but  little  affected 
by  the  increase  of  daily  temperature  from  morning 
to  afternoon,  or  by  its  subsequent  declension  at 
night.  But  one  of  the  most  remarkable  confirma- 
tions of  the  fact  was  ascertained  by  Captain  Sabine 
upon  the  coast  of  Africa.  While  the  sea-breeze 
was  blowing  upon  that  station,  the  hygrometer  de- 
noted the  dew-point  to  be  about  60°,  but  when  the 
wind  blew  strong  from  the  land,  it  approached,  in 
its  characters,  to  a Harmattan;  and  the  point  of  pre- 
cipitation was  not  higher  than  37°.  5,  the  temperature 
of  the  air  being  66°.  Notwithstanding  the  heat  of 
the  evaporating  surfaces  in  the  interior  of  that  con- 
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tinent,  the  burning  sands  of  its  deserts  yield  so 
little  vapour,  that  it  becomes  attenuated  by  its  dif- 
fusion, and  there  can  be  little  doubt  that  the 
aqueous  atmosphere  incumbent  upon  it,  and  which, 
when  wafted  to  the  coast  by  the  rapid  motion  of  the 
air,  constitutes  the  true  Harmattan,  is  not  of  greater 
force  than  that  which  rests  upon  the  polar  seas  ; and 
that  while  the  heat  of  the  air  sometimes  approaches 
to  90°,  the  constituent  temperature  of  the  vapour  is 
below  32°. 

XXXIIL  The  apparent  permanency  and^  stationary 
aspect  of  a cloud  is  often  an  optical  deception,  arising 
from  the  solution  of  moisture  on  one  side  of  a given 
point,  as  it  is  precipitated  on  the  other. 

No  phenomenon  is  more  common  amongst  moun- 
tains, or  upon  hills  by  the  sea-side,  than  clouds 
upon  the  summits  which  appear  to  be  perfectly  im- 
moveable, although  a strong  wind  is  blowing  upon 
them  at  the  time.  That  this  should  be  the  real 
‘state  of  the  case,  is  clearly  impossible,  as  so  at- 
tenuated a body  as  constitutes  the  substances  of  the 
clouds  must  obey  the  impulse  of  the  air.  The  real 
fact  is,  that  the  vapour,  which  is  wafted  by  the 
wind,  is  precipitated  by  the  cold  contact  of  the 
mountain  ; and  is  urged  forward  in  its  course  till, 
borne  beyond  the  influence  which  caused  its  con- 
densation, it  is  again  exhaled  and  disappears.  A 
slight  inspection  and  consideration  of  the  pheno- 
mena will  be  sufficient  to  convince  any  one  of  the 
correctness  of  this  explanation.  Reasoning  from 
analogy,  we  may  conclude,  that  the  process  which 
thus  proceeds,  under  our  eyes,  upon  the  summits  of 
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the  hills,  likewise  takes  place  on  either  side  of  the 
planes  of  precipitation  in  the  heights  of  the  atmo- 
sphere: the  vapour  is  continually  condensed,  as  con- 
tinually re-dissolved  in  the  act  of  precipitation,  and 
the  cloud  appears  to  be  unchanged  and  stationary. 

XXXIV.  The  qmntity  of  vapour  in  the  atmosphere 
in  the  differrent  seasons  of  the  year  ( measured  on 
the  surface  of  the  earth,  and  near  the  level  of  the 
sea,)  follows  the  progress  of  the  mean  temperature. 

This  result  of  observation  might  readily  have 
been  anticipated ; for  the  rate  of  evaporation,  and 
the  quantity  which  the  air  can  support,  are  both 
obviously  dependent  upon  the  same  progression. 
But  this  connexion  is  not  discoverable  in  short 
periods ; and  the  changes  of  diurnal  temperature  do 
not  materially  affect  the  quantity  of  elastic  vapour. 
The  air,  at  night,  generally  reaches  the  point  of  de- 
position, even  at  the  surface  of  the  sea,  but  in  a very 
gradual  manner:  and  at  the  same  time  the  supply 
from  evaporation  ceases.  The  progress  of  the  va-’ 
pour  in  fine  weather  may  often  be  very  satisfactorily 
traced  by  means  of  the  clouds.  During  the  heat  of 
the  day  it  rises  from  the  surface  of  the  land  and 
waters,  and  reaches  its  point  of  condensation  in 
greater  or  less  quantities  at  different  altitudes. 
Partial  clouds  are  formed  in  different  parallel  planes, 
which  always  maintain  their  relative  distances. 
The  denser  forms  of  the  lower  strata,  as  they  float 
along  with  the  wind,  shew  the  greater  abundance  of 
the  precipitation  at  the  first  point  of  deposition, 
while  the  feathery  shapes  and  lighter  texture  of  the 
upper,  attest  a rarer  atmosphere.  These  clouds  do 
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not  increase  beyond  a certain  point,  but  often  remain 
stationary  in  quantity  and  figure  for  many  hours : 
but  as  the  heat  declines  they  gradually  melt  away ; 
till  at  length,  when  the  sun  has  sunk  below  the  ho- 
rizon, the  ether  is  unspotted  and  transparent.  The 
stars  shine  through  the  night  with  undimmed 
lustre,  and  the  sun  rises  in  the  morning  in  its 
brightest  splendour.  The  clouds  again  begin  to 
form,  increase  to  a certain  limit,  and  vanish  with 
the  evening  shades.  This  gradation  of  changes, 
which  we  so  often  see  repeated  in  our  finest  seasons, 
might,  at  first,  appear  to  be  contrary  to  our  princi- 
ples ; and  that  precipitations  should  occur  with  the 
increase  of  temperature,  and  disappear  with  its  de- 
cline, would  seem,  at  first  sight,  to  be  diametrically 
opposite  to  all  our  conclusions.  But  a little  conside- 
ration will  shew  that  these  facts  confirm  our  theory. 
The  vapour  rises  and  is  condensed ; but  in  its  pre- 
cipitation falls  into  a warmer  air,  where  it  again  as- 
sumes the  elastic  form ; and  as  the  quantity  of  evapo- 
ration below  is  exactly  equal  to  supply  this  process 
above,  the  cloud  neither  augments  nor  decreases. 
When  the  sun  declines,  the  surface  of  the  earth  cools 
more  rapidly  than  the  air ; evaporation  decreases, 
but  the  dissolution  of  the  cloud  continues.  The 
supply  at  length  totally  ceases,  and  the  concrete 
vapour  melts  completely  away.  The  morning  sun 
revives  the  exhalations  of  the  earth,  and  the  pro- 
cess of  nimbification  again  commences,  and  again 
undergoes  the  same  series  of  changes;  The  fall  of 
the  temperature  shifts  a little  the  planes  of  deposi- 
tion, but  scarcely  affects  the  total  pressure  of  the 
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vapour.  The  deposition  of  dew  (the  formation  and- 
concomitant  circumstances  of  which  have. been  so 
successfully  analyzed  in  the  elegant  essay  of  the  late 
Dr.  Wells,)  slightly  diminishes  the  quantity ; but 
the  first  touch  of  the  sun’s  rays  restores  it  to  the 
“ blue  expanse.” 

When,  however,  the  natural  equilibrium  has  been 
disturbed,  when  the  temperature  of  the  air  has  be- 
come equalized  through  various  successive  strata 
by  the  beds  of  vapour  with  which  they  are  em- 
bued,  the  decline  of  the  day  will  often  determine 
precipitation,  and  will  increase  its  amount  if  already 
established.  The  result  of  experiment  has  also 
shewn  that  a greater  amount  of  rain  falls  while 
the  sun  is  below,  than  while  it  is  above,  the  horizon. 

XXXV.  The  pressure  of  the  aqueous  atmosphere^ 
separated  from  that  of  the  aerial^  generally  ex- 
hibits directly  opposite  changes  to  the  latter. 

As  the  quantity  of  vapour  increases,  it  will  mostly 
be  found  that  the  barometer  falls  ; and  it  rises  with 
its  decrease.  This  observation,  which  is  amply 
confirmed  by  tracing  the-  lines  of  each  upon  a gra- 
duated paper,  does  not  apply  to  the  averages  of  the 
different  seasons,  but  to  the  daily  fluctuations.  This 
fact,  so  utterly  irreconcileable  to  the  hypothesis  which 
ascribes  the  rise  and  fall  of  the  mercurial  column  to  the 
weight  of  the  aqueous  particles,  materially  confirms 
that  which  attributes  them  to  the  unequal  expansion 
of  balancing  currents.  The  prime  source  of  this  ex- 
pansion we  have  supposed  to  be  the  elastic  vapour, 
and  this  experience  confirms  the  theory. 
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XXXVI.  Great  falls  of  the  Barometer  are  generally 
accompanied  by  a temperature  above  the  mean  for 
the  season  ; and  great  rises  by  one  below  the  same. 

This  is  a confirmation  of  the  same  nature  as  the 
last,  and  inseparably  connected  with  it.  It  is  by 
the  evolution  of  heat  that  the  vapour  principally 
acts.  The  mean  temperature  which  balances  all 
irregularities,  must  be  the  regular  temperature  of 
the  climate,  and  cceteris  paribus,  that  at  which  the 
currents  must  be  most  disposed  to  regularity : vari- 
ations, on  either  side  of  this  point,  must  produce 
corresponding  retardations  and  accelerations  ; and 
these,  if  not  general  through  the  mass,  annihilate 
the  equipoise. 


I have  thus  filled  up  the  outline  which  I laid  down 
for  my  inquiry,  and  I trust  that  it  will  be  found  that 
I have  not  wholly  failed  to  elucidate  some  hitherto- 
obscure  points  of  the  history  of  the  atmosphere.  It 
tends  to  give  me  some  confidence  in  the  justness  of 
my  views,  that  when  I first  conceived  the  idea  of 
conducting  my  researches  synthetically,  I antici- 
pated but  few  of  the  conclusions  to  which  the  expe- 
riment has  led  me. 

The  principles  which  I have  employed  are  the 
fruits  of  the  researches  of  the  most  eminent  philoso- 
phers ; to  have  owned  my  obligations  to  whom  would 
have  loaded  this  essay  with  references.  Their  la- 
bours are  become  the  foundation-stones  of  science, 
and  the  common  property  of  those  who  may  follow 
them  in  endeavours  to  perfect  the  edifice.  There  is 
one  name,  however,  to  which  this  branch  of  science 


128 


PHENOMENA  OF  THE 


is  SO  vastly  indebted,  that  to  allude  to  it  more  parti- 
cularly I feel  to  be  an  incumbent  duty.  It  is  that  of 
the  author  of  the  “ Essays  upon  the  Constitution  of 
mixed  Gases.”  To  Mr.  Dalton  we  owe  nearly  all 
the  light  which  we  possess  upon  this  interesting  and 
difficult  subject;  and  from  his  deep  researches,  par- 
ticularly, I have  drawn  most  freely.  If,  indeed,  these 
my  endeavours  shall  be  found  to  be  deserving  of 
any  consideration,  it  will  be  as  illustrations  of  the 
Daltonian  theory. 

, I have  scrupulously  adhered  to  the  natural  conse- 
quences of  the  premises  which  I have  adopted, 
without  previously  inquiring  how  far  they  were 
consonant  with  the  phenomena  to  be  explained : in 
their  after  application  to  these  latter,  I hope  that  it 
will  be  found  that  I have  not  been  unsuccessful. 
The  fluctuations  of  the  barometer,  and  most  of  the 
phenomena  of  wind  and  rain,  appear  to  me  to  adapt 
themselves  most  happily  to  the  theoretical  con- 
clusions. 

Both  the  synthetical  and  analytical  processes 
agree  in  the  same  grand  conclusions,  which  may 
thus  briefly  be  recapitulated : — 

There  are  two  distinct  atmospheres,  mechanically 
mixed,  surrounding  the  earth ; whose  relations  to 
heat  are  different,  and  whose  states  of  equihbrium, 
considering  them  as  enveloping  a sphere  of  un- 
equal temperature,  are  incompatible  with  each 
other.  The  first  is  a permanently-elastic  fluid,  ex- 
pansible in  an  arithmetical  progression  by  equal 
increments  of  heat,  decreasing  in  density  and  tern-  ' 
perature  according  to  fixed  ratios,  as  it  recedes 
from  the  surface,  and  whose  equipoise  under  such 
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circumstances,  would  be  maintained  by  a regular 
system  of  antagonist  currents.  The  second  is  an 
elastic  fluid,  condensible  by  cold  with  evolution  of 
caloric  ; increasing  in  force  in  geometrical  progres- 
sion with  equal  augmentations  of  temperature ; per- 
meating the  former  and  moving  in  its  intersticeSj^ 
as  a spring  of  water  flows  through  a sand-rock. 
When  in  a state  of  motion  this  intestine  filtration  is 
retarded  by  the  inertia  of  the  gaseous  medium,  but 
in  a state  of  rest  the  particles  press  only  upon  those 
of  their  own  kind.  The  density  and  temperature 
of  this  fluid  have  a tendency  likewise  to  decrease, 
as  its  distance  from  the  surface  augments  ; but  by 
a less  rapid  rate  than  that  of  the  former.  Its  equi- 
poise would  be  maintained  by  the  adaptation  of 
the  upper  parts  of  the  medium,  in  which  it  moves, 
to  the  progression  of  its  temperature,  and  by  a 
current  flowing  from  the  hotter  parts  of  the  globe 
to  the  colder.  Constant  evaporation  on  the  line  of 
greatest  heat  and  unceasing  precipitation,  at  every 
other  situation  would  be  the  necessary  accompani- 
ments of  this  balance.  Now  the  conditions  of  these 
two  states  of  equilibrium,  to  which,  by  the  laws  of 
Hydrostatics,  each  fluid  must  be  perpetually  press- 
ing, are  essentially  opposed  to  each  other.  The 
vapour  or  condensible  elastic  fluid  is  forced  to  as- 
cend in  a medium,  whose  heat  decreases  much 
more  rapidly  than  its  own  natural  rate ; and  it  is 
therefore  condensed  and  precipitated  in  the  upper 
regions.  Its  latent  caloric  is  evolved  by  the  con- 
densation, and  communicated  to  the  air ; and  it  thus 
tends  to  equalize  the  temperature  of  the  medium 
in  which  it  moves,  and  to  constrain  it  to  its  own 
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law.  This  process  must  evidently  disturb  the 
equilibrium  of  the  permanently-elastic  -fluid,  by  in- 
terfering with  that  definite  state  of  temperature  and 
density  which  is  essential  to  its  maintenance.  The 
system  of  currents  is  unequally  affected  by  the 
unequal  expansion ; and  the  irregularity  is  extended, 
by  their  influence,  much  beyond  the  sphere  of  the 
primary  disturbance.  The  decrease  of  this  elas- 
ticity above,  is  accompanied  by  an  extremely  im- 
portant re-action  upon  the  body  of  vapour  itself: 
being  forced  to  accommodate  itself  to  the  circum- 
stances of  the  medium  in  which  it  moves,  its  own 
law  of  density  can  only  be  maintained  by  a cor- 
responding decrease  of  force  below- the  point  of 
condensation ; so  that  the  temperature  of  the  air, 
at  the  surface  oflllie .glbbe,  is  far  from  the  terni  of 
saturation  ; and  tne  current  of  vapour,  which  moves 
from  the  hottest  to  the  coldest  points,  penetrates 
from  the  equator  to  the  poles,  without  producing 
that  condensation  in  mass,  which  would  otherwise 
cloud  the  whole  depth  of  the  atmosphere  with  pre- 
cipitating moisture.  The  clouds  are  thereby  con- 
fined to  parallel  horizontal  planes,  with  intermediate 
clear  spaces,  and  thus  arranged  are  offered  to  the 
influence  of  the  sun,  which  dissipates  their  accumu- 
lations and  greatly  extends  the  expansive  power  of 
the  elastic  vapour.  The  power  of  each  fluid  being 
in  proportion  to  its  elasticity,  that  of  the  vapour 
compared  with  the  air,  can  never,  at  most,  exceed 
■1  : 30 : so  that  the  general  character  of  the  mixed 
atmosphere  is  derived  from  the  latter  ; wliich,  in  its 
irresistible  motions  must  hurry  the  former  along 
with  it.  Tlie-  influence,  however,  of  the  vapour 
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upon  the  air,  though  slower  in  its  action,  is 
sure  in  its  effects,  and  the  gradual  and  silent  pro- 
cesses of  evaporation  and  precipitation  govern  the 
boisterous  power  of  the  winds.  By  the  irresistible 
force  of  expansion  unequally  applied,  they  give 
rise  to  undulations  in  the  elastic  fluid ; the  returning 
waves  dissipate  the  local  influence,  and  the  accumu- 
lated effect  is  annihilated,  again  to  be  reproduced. 

In  tracing  the  harmonious  results  of  such  dis- 
cordant operations,  it  is  impossible  not  to  pause, 
to  offer  up  a humble  tribute  of  admiration  of  the 
designs  of  a beneficent  Providence,  thus  imper- 
fectly developed  in  a department  of  creation  where 
they  have  been  supposed  to  be  the  most  obscure. 
By  an  invisible,  but  ever-active,  agency  the  waters 
of  the  deep  are  raised  into  the  air,  whence  their 
distribution  follows,  as  it  were  by  measure  and 
weight,  in  proportion  to  the  beneficial  effects  which 
they  are  calculated  to  produce.  By  gradual,  but 
almost  insensible,  expansions  the  equipoised  cur- 
rents of  the  atmosphere  are  disturbed,  the  stormy 
winds  arise,  and  the  waves  of  the  sea  are  lifted  up ; 
and  that  stagnation  of  air  and  water  is  prevented, 
which  would  be  fatal  to  animal  existence.  But 
the  force  which  operates,  is  calculated  and  propor- 
tioned: the  very  agent  which  causes  the  disturbance 
bears  with  it  its  own  check ; and  the  storm,  as  it  vents 
its  force,  is  itself  setting  the  bounds  of  its  own  fury. 

The  complicated  and  beautiful  contrivances,  by 
which  the  waters  are  collected  “ above  the  firma- 
ment,” and  are  at  the  same  time  “ divided  from 
the  waters  which  are  below  the  firmament,”  are 
inferior  to  none  of  those  adaptations  of  Infinite 

K 2 


132 


PHENOMENA  OF  THE 


Wisdom,  which  are  perpetually  striking  the  inquiring 
mind,  in  the  animal  and  vegetable  kingdoms.  Had 
it  not  been  for  this  nice  adjustment  of  conflicting 
elements,  the  clouds  and  concrete  vapours  of  the 
sky  would  have  reached  from  the  surface  of  the 
earth  to  the  remotest  heavens ; and  the  vivifying 
rays  of  the  sun  would  never  have  been  able  to  pe- 
netrate through  the  dense  mists  of  perpetual  pre- 
cipitation. 

Nor  can  I here  refrain  from  pointing  out  a con- 
firmation, which  incidentally  arises,  of  the  Mosiac  ac- 
count of  the  creation  of  that  atmosphere  whose  won- 
ders we  have  been  endeavouring  to  unravel.  The 
question  has  been  asked,  How  is  it  that  light  is  said 
to  have  been  created  on  the  first  day,  and  day  and 
night  to  have  succeeded  each  other,  when  the  sun  has 
been  described  as  not  having  been  produced  till 
the  fourth  day  ? The  Sceptic  presumptuously 
replies,  this  is  a palpable  contradiction,  and  the 
history  which  propounds  it  must  be  false.  But, 
Moses  records  that  God  created  on  the  first  day, 
the  earth  covered  with  w^ater,  and  did  not  till  its 
second  revolution  upon  its  axis,  call  the  firmament 
into  existence.  Now  one  result  of  the  previous  in- 
quiry has  been,  that  a sphere  unequally  heated  and 
covered  with  water,  must  be  enveloped  in  an  at- 
mosphere of  steam,  which  would  necessarily  be 
turbid  in  its  whole  depth  with  precipitating  mois- 
ture. The  exposure  of  such  a sphere  to  the  orb  of 
day  would  produce  illumination  upon  it ; that  dis- 
persed and  equal  light,  which  now  penetrates  in  a 
cloudy  day,  and  which  indeed  is  “ good but  the 
glorious  source  of  light  could  not  have  been  visible 
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from  its  surface.  On  the  second  day,  the  perma- 
nently-elastic  firmament  was  produced,  and  we  have 
seen  that  the  natural  consequences  of  this  mixture 
of  gaseous  matter,  with  vapour,  must  have  been, 
that  the  waters  would  begin  to  collect  above  the 
firmament,  and  divide  themselves  from  the  waters 
which  were  below  the  firmament.  The  clouds 
would  thus  be  confined  to  definite  plains  of  preci- 
pitation, and  exposed  to  the  influence  of  the  winds, 
and  still  invisible  sun.  The  gathering  together  of 
the  waters  on  the  third  day,  and  the  appearance 
of  dry  land,  would  present  a greater  heating  sur- 
face, and  a less  surface  of  evaporation,  and  the  at- 
mosphere during  this  revolution  would  let  fall  its 
excess  of  condensed  moisture  ; and  upon  the  fourth 
day  it  would  appear  probable,  even  to  our  short- 
sighted philosophy,  that  the  sun  would  be  enabled  to 
dissipate  the  still-remaining  mists,  and  burst  forth 
with  splendour  upon  the  vegetating  surface*.  So 
far,  therefore,  is  it  from  being  impossible  that  light 
should  have  appeared  upon  the  earth  before  the  ap- 
pearance of  the  sun,  that  the  present  imperfect  state 
of  our  knowledge,  will  enable  us  to  affirm,  that,  if  the 
recorded  order  of  creation  be  correct,  the  events 
must  have  exhibited  themselves  in  the  succession 

* I am  indebted  to  Mr.  Granville  Penn’s  admirable  “ Estimate 
of  the  Mineral  and  Mosaical  Geologies,”  for  my  first  hint  upon 
this  subject.  The  greater  part  of  this  Essay  had  been  written 
before  1 perused  his  work  ; and  I was  pleased  to  find  that  I had 
unconsciously  proved  the  necessity  of  that  tiirbid  state  of  the 
aqueous  atmosphere,  previous  to  the  creation  of  the  firmament, 
upon  the  probability  of  which  he  has  argued  in  such  a masterly 
and  convincing  manner. 
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which  is  described.  The  argument  therefore  recoils 
with  double  force  in  favour  of  the  inspiration  of  an 
account  of  natural  phenomena  which,  in  all  pro- 
bability, no  human  mind,  in  the  state  of  knowledge 
at  the  time  it  was  delivered,  could  have  suggested ; 
but  which  is  found  to  be  consistent  with  facts  that 
a more  advanced  state  of  science  and  experience 
have  brought  to  light.  If,  however,  it  were  reason- 
able to  expect  that  the  ways  of  God  should  in  aU 
cases  be  justified  to  the  knowledge,  or  rather  the 
ignorance,  of  man,  the  boldest  philosopher  might  well 
pause  before  he  applied  the  imperfect  test  of  a pro- 
gressive philosophy  to  the  determination  of  the  mo- 
mentous questions  involved  in  these  considerations, 
I am  aware  that  two  grand  principles  have  been 
passed  over  in  the  previous  investigation,  which 
cannot  but  have  great  power  in  modifying  atmo- 
spheric changes:  I allude  to  the  agency  of  the  elec- 
tric fluid,  and  the  influence  of  the  moon.  But  their 
modes  of  operation  are,  at  present,  too  obscure,  and 
• stand  too  much  in  need  of  experimental  elucidation 
to  allow  of  their  being  applied  with  the  requisite 
precision ; and  to  have  referred  to  them  before, 
would  only  have  been  unnecessarily  to  complicate 
the  subject.  Since  the  time  when  the  mind  and  the 
nerve  of  a Franklin  first  conceived  and  executed 
the  bold  design  of  analyzing  the  lightnings  of 
the  heavens,  but  few  have  been  found  to  follow 
in  the  glorious,  but  dangerous,  path,  which  he 
has  opened.  The  only  regular  series  of  ob- 
servations I am  acquainted  with,  are  those  by 
Mr.  Read,  published  in  the  Philosophical  Trans* 
actions  for  1794.  They  exhibit  much  persever- 
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ance  and  ingenuity,  and  are  of  a highly  interesting 
nature,  but  required  to  have  been  longer  continued 
to  have  enabled  him  to  draw  general  conclusions. 
It  is  to  be  regretted  that  none  of  the  great  scientific 
estabhshments,  either  at  home  or  abroad,  have  taken 
up  this  important  branch  of  meteorology.  The  aids 
of  modern  science  would  be  well  applied  to  elucidate 
the  still  obscure  relations  between  electricity  and 
meteorological  phenomena.  From  some  experi- 
ments of  my  own  upon  the  subject,  I am  inclined  to 
believe  that  the  elasticity  of  vapour  is  increased 
when  electrically  charged but  I have  nothing  de- 
cisive to  offer  upon  the  point.  Should  this  opinion 
be  confirmed,  it  is  obvious  that  the  influence  must 
be  more  rapid,  partial  and  powerful,  than  that  of 
any  distributing  cause  v*^hich  we  have  hitherto  con- 
templated. 

That  the  different  phases  of  the  moon  have  some 
connexion  with  changes  in  the  atmosphere,  is  an 
opinion  so  universal  and  popular,  as  to  be,  on  that 
account  alone,  entitled  to  attention.  No  observation 
is  more  general;  and  on  no  occasion,  perhaps,  is  the 
almanack  so  frequently  consulted,  as  in  forming 
conjectures  upon  the  state  of  the  weather.  The 
common  remark,  however,  goes  no  further  than  that 
changes  from  wet  to  dry,  and  from  dry  to  wet,  ge- 
nerally happen  at  the  changes  of  the  moon.  When 
to  this  result  of  universal  experience  we  add  the 
philosophical  reasons  for  the  existence  of  tides  in 
the  aerial  ocean,  we  cannot  doubt  that  such  a con- 
nexion exists.  The  subject,  however,  is  involved  in 
much  obscurity.  Mr.  Howard  is  the  only  one  who  has 
treated  it  with  the  consideration  which  it  deserves. 
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In  his  book  may  be  found  much  information  upon  it, 
the  result  of  laborious  investigation.  It  would  be 
foreign  to  my  purpose  to  enter  at  large  upon  this  in- 
teresting ground,  but  the  previous  investigation  sug- 
gests one  particular  view  of  it,  which  it  may  be  use- 
ful shortly  to  state. 

The  action  of  the  moon  upon  the  aerial  columns 
over  whichl  it  passes,  may  be  regarded  as  dimin- 
ishing the  force  of  gravity.  This  action  must  be 
greater  in  proportion  as  the  moon  approaches  the 
earth ; in  proportion  as  it  coincides  with  the  analo- 
gous action  of  the  sun ; and  in  proportion  as  its 
passage  over  the  meridian  comes  near  to  the  perpen- 
dicular direction.  The  result  of  this  diminution  of 
gravity  must  be  a general  decrease  of  density  ; and  its 
effect  upon  the  lateral  currents,  an  acceleration  of  the 
incoming,  and  a decrease  of  the  outgoing  streams. 
The  loss  of  weight  will  thus  be  compensated,  and 
the  excess  of  elasticity  hence  derived,  will  lengthen 
the  column.  The  final  adjustment  will,  therefore, 
be  assimilated  to  that  which  arises  from  an  equal  ex- 
pansion by  heat.  Now  the  effect  of  the  atmospheric 
tide  has  hitherto  been  sought  for,  and  measured  upon 
the  surface  of  the  earth,  at  the  base  of  the  column 
and  much  conjecture  and  disappointment  have  en- 
sued from  not  finding  the  effect  as  great,  or  as  regu- 
lar, as  had  been  anticipated.  But,  if  this  view  of 
the  subject  be  correct,  the  total  weight  of  the  perpen- 
dicular column  would  not  be  affected  so  much  as  that 
of  its  horizontal  sections ; and  the  amount  of  the 
lunar  influence  should  be  sought  in  the  variations  of 
the  differences  of  density  between  some  high  eleva- 
tion and  the  level  of  the  sea.  The  mean  of  a series 
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of  experiments  carefully  conducted  with  this  view, 
when  the  moon  is  upon  the  meridian  and  at  the  hori- 
zon, would  possibly  exhibit  the  amount  of  the  daily 
tides ; their  weekly  increase  and  diminution  ; the  in- 
fluence of  the  moon’s  apogee  and  perigee ; and  that  of 
its  north  and  south  declination.  It  has,  however,  I 
think,  been  proved  that  the  influence  is  still  felt  at 
the  surface  of  the  earth ; and  the  barometer,  upon  an 
average,  stands  lower  at  new  and  full  moon,  than  at 
the  quarters.  This  also  would  naturally  be  expected 
when  it  is  considered  that  the  attraction  of  the  moon 
is  an  action  upon  the  power  of  gravity,  and  acts  in- 
stantaneously in  the  perpendicular  direction  ; while 
the  compensating  effects  upon  the  lateral  currents  is 
gradual. 

Is  it  not  possible  that  some  of  the  remaining 
discrepancies  of  barometrical  mensurations  may  be 
traced  to  this  influence  ? 

Should  the  speculations  in  which  I have  indulged 
in  this  Essay  be  found  worthy  of  consideration,  they 
will  probably  suggest  some  new  modes  of  conducting 
meteorological  experiments,  and  some  alterations  in 
the  method  of  arranging  the  results.  Any  useful, 
practical  result  hence  arising  will  amply  repay  the 
labour  of  the  undertaking. 
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AN  ESSAY 


UPON  THE  CONSTRUCTION  AND  USES  OF  A NEW 
HYGROMETER. 


“ Nec  non  et  in  conviviis  mensisque  nostris  vasa  quibus  esculen- 
tum  additur  sudorem  repositoriis  linquentia  diras  terapestates 
praenutinant.” — C.  Vlin.  Nat.  Hist.,  Lib.  xviii.j 


In  the  year  1812,  my  attention  was  attracted  by 
the  passage  above  extracted  from  Pliny,  which  ap- 
peared to  me,  by  the  interpretation  which  I affixed 
to  it,  to  point  to  a natural  phenomenon  which  might 
be  rendered  subservient  not  only  to  prognostica- 
tions of  the  weather,  according  to  the  suggestion  of 
that  accurate  observer,  but  to  some  of  the  more  re- 
fined purposes  of  modern  science.  I was,  how- 
ever, for  some  time  doubtful  how  far  the  interpreta- 
tion which  had  occurred  to  me  could  be  borne  out 
by  the  translation  of  the  expression  esculentum  ; as  it 
was  a necessary  condition  to  this  interpretation, 
that  whatever  was  served  up  in  the  vasa  should  have 
been  cold. 

The  passage  is  thus  rendered  into  English  in  a 
very  old  translation  which  I consulted:  ‘‘  And  to 

conclude,  and  make  an  end  of  this  discourse ; 
“ whensoever  you  see,  at  any  feast,  the  dishes  and 
“ platters  whereon  your  meat  is  served  up  to  the 
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‘‘  board,  sweat  or  stand  of  a dew,  and  leaving  that 
‘‘  sweat  which  is  resolved  from  them  either  upon 
“ dresser,  cupboard,  or  table,  be  assured  that  it  is 
“ a token  of  terrible  tempests  approaching.” 

Translation  of  C,  Pliny ^ by  Philemon  Holland,  I60l. 

Upon  referring  to  several  competent  judges,  they 
confirmed  my  conjecture,  and  agreed  with  me  in 
thinking,  that  the  dew  or  sweat,  so  accurately  de- 
scribed as  forming,  in  particular  kinds  of  weather, 
upon  vessels  in  which  food  was  served  up,  could 
only  have  arisen  from  depression  of  temperature. 

This,  perhaps,  will  therefore  be  considered  as  one  of 
the  most  curious  casestipon  record,  in  which  the  saga- 
city of  the  ancients  anticipated  an  observation  which 
has  been  held  to  be  peculiarly  demonstrative*  of  the 
superior  refinements  of  the  present  state  of  experi- 
mental philosophy,  and  may  settle  a disputed  claim 
to  the  honour  of  priority  of  discovery  amongst  the 
existing  race  of  natural  philosophers. 

However  this  may  be,  my  mind  was  thus  directed 
to  the  deposition  of  moisture  which  takes  place  upon 
certain  bodies  when  brought  into  an  atmosphere 
which  is  warmer  than  themselves ; and  following  up 
the  suggestion  of  Pliny,  I readily  conceived  that  the 
fact  was  connected  with  meteorological  phenomena; 
and  that  experiments,  founded  upon  it,  might  be 
devised  to  elucidate  the  relation  of  air  to  vapour.  I 
shortly  after  applied  myself  seriously  to  the  inquiry, 
and  was  soon  satisfied  of  the  accuracy  of  the  con- 
jecture. 

The  manner  in  which  I proceeded  at  that  time, 
was  as  follows:  I made  a mixture  of  two  salt^ 
calculated  to  produce  cold  by  their  solution;  I 
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then  arranged  half  a dozen  drinking-glasses  upon 
a board,  each  furnished  with  a thermometer,  and 
poured  water  into  one  of  them.  I added  a tea- 
spoonful of  the  freezing  mixture,  which  invariably- 
produced  a copious  dew  upon  the  exterior  of  the 
glass.  I emptied  the  contents  of  the  first  glass 
into  the  second,  and  so  into  the  third,  ^c.,  till  the 
liquor,  gradually  acquiring  heat  by  the  process, 
arrived  at  such  a temperature  as  no  longer  to  pro- 
duce any  condensation  upon  the  vessel.  This  point, 
as  marked  by  the  thermometer,  was  noted,  and 
found  to  vary,  very  considerably,  in  relation  to  the 
temperature  of  the  air,  according  to  different  states 
of  the  atmosphere. 

I kept  a journal  of  the  weather  for  several  months ; 
registering  the  variations  of  the  barometer,  thermo- 
meter, De  Luc’s  hygrometer,  and  the  temperature 
at  which  moisture  was  condensed,  and  obtained 
some  very  interesting  results. 

I afterwards  varied  my  apparatus  in  the  following 
manner : I procured  five  small  hollow  cylinders  of 
brass,  three  inches  in  diameter,  and  four  inches  in 
height,  fitted  with  a small  cock  in  the  bottom  of 
each.  These  were  very  highly  polished,  and  placed 
in  a frame,  one  immediately  over  another,  so  that  by 
turning  the  cork,  the  contents  of  the  upper  would 
flow  into  that  immediately  beneath  it.  I put  the 
cold  liquid|into  the  top  cylinder ; and  when  steam  was 
produced  upon  its  surface,  suffered  the  solution  to 
run  into  the  next,  and  so  into  the  third,  ^c.,  till  all 
condensation  ceased;  when  the  temperature  was 
marked  as  before.  I found  this  apparatus  very 
sensible,  the  bright  surface  of  the  metal  being 
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visibly  obscured  by  the  slightest  film  of  moisture. 
These  experiments  were,  however,  troublesome,  and 
required  much  time  to  ensure  accuracy.  The  results 
I forbear  from  particularly  detailing,  as  they  are 
superseded  by  the  more  exact  observations  which  I 
have  been  enabled  to  make  with  the  instrument 
which  I am  about  to  describe. 

It  was  not  till  many  months  after  I had  com* 
menced  this  course  of  inquiry,  that  I discovered 
that  the  mode  of  investigation  which  had  been 
suggested  to  me  by  the  observation  of  the  Ro- 
man naturalist,  was  not  as  new  as  I had  con- 
ceived it  to  be.  The  same  principle  had  been  ap- 
plied by  the  Academicians  del  Cimento  (the  re- 
storers of  experimental  philosophy,  as  they  have 
been  very  properly  called),  to  the  purposes  of  hy- 
grometry. 

They  took  a glass  vessel  of  a conical  form,  and 
kept  it  full  of  snow  or  pounded  ice.  This  vessel 
was  suspended  in  the  open  air  with  its  point  down- 
wards, and  the  moisture  which  was  condensed  upon 
it,  trickled  down  its  sides,  and  dropped  from  the 
point  of  the  cone.  The  frequency  of  the  drops,  was 
applied  by  them,  as  a measure  of  the  humidity  of 
the  atmosphere.  M.  le  Roi  also,  adopting  the 
same  idea,  simplified  its  application  by  putting 
water  into  a glass  vessel,  and  gradually  lowering  its 
temperature,  by  means  of  ice,  till  the  appearance  of 
a slight  dew  upon  the  surface  denoted  the  point  of 
saturation.  The  temperatutre  of  this  point  he 
measured,  by  means  of  the  thermometer.  He 
judged  of  the  humidity  of  the  air  by  the  greater  or 
less  degree  of  depression  necessary  to  produce  pre- 
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cipitation.  Lastly,  Mr.  Dalton,  in  his  ‘‘  Essay 
upon  the  force  of  steam  or  vapour  from  water  and 
Other  liquids  at  different  temperatures,”  (one  of  an 
interesting  series,  read  before  the  Literary  and 
Philosophical  Society  of  Manchester,  and  published 
in  the  fifth  volume  of  their  Memoirs,  which  it  would 
be  difficult  to  match  for  originality  and  sound  philo- 
sophical induction),  thus  describes  his  method  of 
finding  the  force  of  the  aqueous  vapour : — 

“ I usually  take  a tall  cylindrical  glass  jar,  dry 
on  the  outside,  and  fill  it  with  cold  spring-water, 
fresh  from  the  well ; if  dew  be  immediately  formed 
•on  the  outside,  I pour  the  water  out ; let  it  stand 
awhile  to  increase  in  heat,  dry  the  outside  of  the 
glass  well  with  a linen  cloth,  and  then  pour  the 
water  in  again : this  operation  is  to  be  continued  till 
the  dew  ceases  to  be  formed,  and  then  the  tempera- 
ture of  the  water  must  be  observed.  Spring- water  is 
generally  about  50°,  and  will  mostly  answer  the  pur- 
pose the  three  hottest  months  of  the  year : in  other 
seasons  an  artificial  cold  mixture  is  required.” 

The  discovery  of  want  of  originality  damped  for 
a time  the  ardour  of  a laborious  pursuit ; but  I have 
ever  since  been  impressed  with  the  great  utility  of 
any  contrivance  which  might  enable  an  observer  to 
mark  with  precision,  neatness,  and  expedition,  the 
constituent  temperature  of  atmospheric  vapour. 
Upon  reading  the  account  of  the  ingenious  con- 
trivance of  Dr.  Wollaston,  which  he  has  termed  the 
Cryophorus,  the  subject  again  occurred  to  me  ; and 
I received  from  that  instrument  the  hint,  which,  after 
many  trials,  led  to  the  completion  of  my  hygro- 
meter. 
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Fig.  1,  represents  the  instrument  in  its  full  di- 
mensions ; a and  h are  two  thin  glass  balls  of  1^ 
inch  diameter,  connected  together  by  a tube,  having 
a bore  about  ith  inch.  The  tube  is  bent  at  right 
angles,  over  the  two  balls,  and  the  arm  h c contains 
a small  thermometer  d e,  whose  bulb,  which  should 
be  of  a lengthened  form,  descends  into  the  ball  b. 
This  ball  having  been  about  two-thirds  filled  with 
ether,  is  heated  over  a lamp  till  the  fluid  boils,  and 
the  vapour  issues  from  the  capillary  tube  /,  which 
terminates  the  ball  a.  The  vapour  having  expelled 
the  air  from  both  balls,  the  capillary  tube  f is  herme- 
trically  closed  by  the  flame  of  a lamp.  This  pro- 
cess is  familiar  to  those  who  are  accustomed  to 
blow  glass,  and  may  be  known  to  have  succeeded 
after  the  tube  has  become  cool,  by  reversing  the  in- 
strument and  taking  one  of  the  balls  in  the  hand, 
the  heat  of  which  will  drive  all' the  ether  into  the 
other  ball,  and  cause  it  to  boil  rapidly.  The  other 
ball  a is  now  to  be  covered  with  a piece  of  muslin. 
The  stand  g h is  of  brass,  and  the  transverse 
socket  i is  made  to  hold  the  glass  tube  in  the  manner 
of  a spring,  allowing  it  to  turn  and  be  taken  out 
with  little  difficulty.  A small  thermometer  k lifi  in- 
serted into  the  pillar  of  the  stand.  The  manner  of 
using  the  instrument  is  this  : — After  having  driven 
all  the  ether  into  the  ball  b by  the  heat  of  the  hand, 
it  is  to  be  placed  at  an  open  window,  or  out  of  doors, 
with  the  ball  b so  situated  as  that  the  surface  of  the 
liquid  may  be  upon  a level  with  the  eye  of  the  ob- 
server. A little  ether  is  then  to  be  dropped  upon 
the  covered  ball.  Evaporation  immediately  takes 
place,  which,  producing  cold  upon  the  ball  a,  causes 
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a rapid  and  continuous  condensation  of  the  ethereal 
vapour  in  the  interior  of  the  instrument.  The  con- 
sequent evaporation  from  the  included  ether,  pro- 
duces a depression  of  temperature  in  the  ball  the 
degree  of  which  is  measured  by  the  thermometer  d e. 
This  action  is  almost  instantaneous,  and  the  thermo- 
meter begins  to  fall  in  two  seconds  after  the  ether 
has  been  dropped.  A depression  of  30  or  40  degrees 
is  easily  produced,  and  I have  seen  the  ether  boil, 
and  the  thermometer  driven  down  below  0"^  of 
Fahrenheit’s  scale.  The  artificial  cold,  thus  pro- 
duced, causes  a condensation  of  the  atmospheric 
vapour  upon  the  ball  b,  which  first  makes  its  ap- 
pearance in  a thin  ring  of  dew,  coincident  with  the 
surface  of  the  ether.  The  degree  at  which  this  takes 
place  is  to  be  carefully  noted.  A little  practice 
may  be  necessary  to  seize  the  exact  moment  of  the 
first  deposition ; but  certainty  is  very  soon  acquired. 
It  is  advisable,  when  the  instrument  has  been  con- 
structed with  a transparent  ball,  to  have  some  dark 
object  behind  it,  such  as  a house,  or  a tree ; as  the 
cloud  is  not  so  readily  perceived  against  the  open 
horizon.  The  depression  of  temperature  is  first  pro- 
duced at  the  surface  of  the  liquid,  where  evaporation 
takes  place ; and  the  currents,  which  immediately 
ensue  to  effect  an  equilibrium,  are  very  perceptible. 
The  bulb  of  the  thermometer  d e,  is  not  quite  im- 
mersed in  the  ether,  that  the  line  of  greatest  cold 
may  pass  through  it.  In  very  damp  or  windy 
weather  the  ether  should  be  very  slowly  dropped 
upon  the  ball,  otherwise  the  descent  of  the  thermo- 
meter will  be  so  rapid  as  to  render  it  extremely 
difficult  to  be  certain  of  the  degree,  In  dry  weather, 
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on  the  contrary,  the  ball  requires  to  be  well  wetted 
more  than  once,  to  produce  the  requisite  degree  of 
cold.  If  at  any  time  there  should  be  reason  to  sus- 
pect the  accuracy  of  an  observation,  it  may  easily 
be  corrected  by  observing  the  temperature  at  which 
the  dew  upon  the  glass  again  disappears ; the  mean 
of  the  two  observations  (whose  errors,  if  any,  will 
lie  in  contrary  directions,)  will  give  the  true  result. 
It  is  obvious  that  care  should  be  taken  not  to  permit 
the  breath  to  affect  the  glass.  With  these  precau- 
tions the  observation  is  simple,  expeditious,  easy, 
and  certain. 

" Being  desirous  of  ascertaining  whether  the  su- 
perior power  of  metals  in  conducting  heat,  together 
with  the  high  polish  of  which  they  are  susceptible, 
might  not  be  rendered  conducive  to  the  perfection  of 
the  hygrometer,  I endeavoured  to  modify  its  form  in 
such  a way  as  to  allow  of  their  being  employed  in 
its  construction.  After  some  unsuccessful  trials 
I completed  one,  of  which  the  subjoined  is  an 
outline. 
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The  balls  a and  6,  together  with  their  connecting 
tube,  are  made  of  very  thin  brass.  To  the  orifice  f 
is  soldered  a small  piece  of  platinum  tube,  which, 
from  its  property  of  welding  with  glass,  allows  of 
the  junction  of  a piece  of  glass  tube,  and,  after  the 
instrument  has  been  boiled  as  before  directed,  may 
be  hermetrically  closed  in  the  usual  way.  The 
thermometer  d e is  so  constructed  that  its  bulb,  which 
is  enclosed  in  the  ball  b,  is  rather  less  than  the  dia- 
meter of  its  stem,  which  is  made  proportionably 
thick.  It  is  ground  air-tight  into  a collar  of  brass, 
made  for  its  reception  on  the  top  of  the  ball.  The 
ball  a is  covered  with  muslin,  and  the  ball  b is  very 
highly  polished.  The  advantages  which  I looked 
for  in  this  construction  of  the  instrument  were  two : 
First,  I expected  that  an  unpractised  observer  might 
more  readily  be  able  to  mark  with  precision  the  in- 
stant of  the  first  precepitation  of  the  dew.  The 
white  mist  is  directly  seen,  whereas  a little  experi- 
ence is  required  to  obtain  an  equal  degree  of  cer- 
tainty with  the  transparent  glass.  Secondly,  I 
imagined  that  its  sensibility  might  be  increased 
by  extending,  at  pleasure,  the  scale  of  the  ther- 
mometer d e.  The  divisions  of  the  thermometer  in- 
cluded in  the  glass  instrument  are  necessarily  small ; 
but  those  of  the  external  thermometer  may  be  made 
of  any  required  magnitude,  without  rendering  the 
bulk  of  the  whole  inconveniently  great. 

It  was  also  an  important  object  to  ascertain  whe- 
ther any  hygrometric  property  of  the  glass,  or  dif- 
ference between  it  and  the  metal  in  attraction  of 
moisture,  would  have  any  appreciable  effect  upon  the 
condensing  pov/er. 
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Long  experience  has,  however,  convinced  me  that 
the  metallic  hygrometer  possesses  no  real  superiority 
over  the  glass.  The  visibility  of  the  deposition  in 
the  latter  is  rendered  perfect  by  making  the  con- 
densing ball  of  black  glass,  and  viewing  it  by  re- 
flected light  in  the  manner  of  a mirror ; and  I never 
could  perceive  any  difference  in  the  sensibility  of 
the  two  instruments. 

Thus  much  on  the  construction  of  the  hygrometer : 
It  is  simple  and  easy.  Its  graduation  depends  upon 
no  arbitrary  or  disputed  determinations  of  wet  and 
dry : it  is  liable  to  no  deterioration  from  use,  dge, 
or  accidental  circumstances ; and  above  all  things, 
whenever,  or  by  whomsoever  made,  it  is  incapable, 
in  proper  hands,  of  affording  erroneous  results.  It 
may  be  more  or  less  boiled ; the  vacuum  may  be 
more  or  less  perfect ; and  it  may,  consequently,  re- 
quire the  affusion  of  a larger  or  smaller  quantity  of 
ether  to  make  it  act:  but  (provided  the  thermometer 
be  correct)  the  observation,  when  obtained,  cannot  de- 
ceive. Its  determinations  are,  therefore,  as  strictly 
comparable  one  with  another,  under  all  circum- 
stances, as  those  of  the  barometer  or  the  thermometer. 

In  describing  the  various  uses  and  applications 
of  the  hygrometer,  I shall  commence  with  the  most 
popular ; its  use,  namely,  as  a weather-glass. 

When  consulted  with  a‘  view  of  predicting  the 
greater  or  less  probability  of  rain,  or  other  atmo- 
spheric changes,  two  things  are  to  be  principally  at- 
tended to — the  difference  between  the  constituent 
temperature  of  the  vapour,  and  the  temperature  of 
the  air ; and  the  variation  of  the  dew-point.  In  ge- 
neral, the  chance  of  rain,  or  other  precipitation  of 
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moisture  from  the  atmosphere,  may  be  regarded  as 
in  inverse  proportion  to  the  difference  between  the 
two  thermometers : but  in  making  this  estimate, 
regard  must  be  had  to  the  time  of  day  at  which  the 
observation  is  made.  In  settled  weather  the  dry- 
ness of  the  air  increases  with  the  diurnal  heat,,  and 
diminishes  with  its  decline;  for  the  constituent 
temperature  of  the  vapour  remains  nearly  stationary. 
Consequently,  a less  difference  at  morning  or  even- 
ing is  equivalent  to  a greater  in  the  middle  of  the 
day.  t 

But  to  render  the  observation  most  completely 
prospective,  regard  must  be  had  at  the  same  time  to, 
the  movement  of  the  dew-point.  As  the  elasticity 
of  the  vapour  increases  or  declines,  so  does  the  pro- 
bability of  the  formation  and  continuation  of  rain. 
An  increasing  difference*  therefore,  between  the 
temperature  of  the  air,  and  the  temperature  of  the 
point  of  condensation,  accompanied  by  a fall  of  the 
latter,  is  a sure  prognostication  of  fine  weather ; 
while  diminished  heat,  and  a rising  dew-point,  in-, 
fallibly  portend  a rainy  season.  When  observations, 
shall  have  been  made  and  registered  for  a suffi-. 
cient  length  of  time,  the  mean  results  for  the  dif- 
ferent periods  of  the  year  will  afford  accurate, 
standards  of  comparison  whereby  to  judge  of  the 
state  of  the  vapour ; and  the  three  years’  Journal 
appended  to  this  Essay,  will  not  be  without  its  use 
in  this  respect.  In  winter,  when  the  range  of  the 
thermometer  during  the  day  is  small,  the  indication 
of  the  weather  must  be  taken  more  from  the  actual 
rise  and  fall  of  the  point  of  condensation,  than  from 
the  difference  between  it  and  the  temperature  of  the 
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air.  It  must  be  remembered  that  a state  of  satura- 
tion may  exist,  and  precipitation  even  take  place  in 
the  finest  weather,  and  under  a cloudless  sky ; but 
this  is  when  the  diurnal  decline  of  the  temperature 
of  the  air,  near  the  surface  of  the  earth,  falls  below 
an  unfluctuating  term  of  precipitation ; and  it  is  pro- 
bable, that  at  some  period  or  other  of  the  twenty- 
four  hours,  this  term  is  always  passed.  The  radia- 
tion of  the  earth,  in  the  absence  of  the  sun,  cools  the 
stratum  of  air  in  contact  with  it ; and  a light  preci- 
pitation takes  place,  of  so  little  density  as  totally  to 
escape  the  observation  of  the  eye.  At  other  times  it 
becomes  visible,  and  assumes  the  appearance  of 
mist  or  fog.  Under  such  circumstances,  the  hygro- 
meter will  sometimes  exhibit  a different  kind  of 
action.  If  it*  be  brought  from  an  atmosphere  of  a 
higher  temperature  into  one  of  a lower  degree,  in 
which  condensed  aqueous  particles  are  floating,  the 
mist  will  begin  to  form  at  a temperature  several 
degrees  higher  than  that  of  the  air.  The  heat 
emanating  from  the  ball  of  the  instrument,  dis- 
solves the  particles  of  water,  and  forms  an  atmo- 
sphere around  it  of  greater  elasticity  than  the 
surrounding  medium ; so  that,  when  it  is  put  in 
action,  the  point  of  deposition  is  proportionably 
raised.  This  action  does  not  at  all  interfere  with 
the  determination  of  the  real  force  and  quantity  of 
vapour  ; for,  in  all  such  cases,  the  full  saturation  of 
the  atmospheric  temperature  must  have  place,  and, 
consequently,  the  temperature  of  the  vapour  must 
be  coincident  with  that  of  the  air. 

This  kind  of  precipitation,  which  may  often  be 
detected  by  the  hygrometer,  when  it  would  other- 
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wise  escape  notice,  far  from  being  indicative  of 
rain,  generally  occurs  in  the  most  settled  weather. 
It  is  analogous  to  the  formation  of  dew,  and  is  de- 
pendant upon  the  same  cause,  the  radiation  of  the 
earth,  which  can  only  take  place  under  an  unclouded 
sky. 

A sudden  change  in  the  dew-point,  is  generally 
accompanied  by  a change  of  wind : but  the  former 
sometimes  precedes  the  latter  by  a short  interval ; 
and  the  course  of  the  aerial  currents  may  be  antici- 
pated before  it  affects  the  direction  of  the  weather- 
cock, or  even  the  passage  of  smoke. 

My  own  experience,  and  the  testimony  of  others, 
assure  me  that  the  hygrometer,  thus  applied,  is 
more  to  be  depended  upon  than  any  instrument  that 
has  yet  been  proposed.  Even  when  its  indications 
are  coDtrary  to  those  of  the  barometer,  reliance  may 
be  placed  upon  them;  but  simultaneous  observations 
of  the  two  most  usefully  correct  each  other.  The 
rise  and  fall  of  the  mercurial  column  is,  most  proba- 
bly, primarily  dependant  upon  the  state  of  the  upper 
regions  of  the  atmosphere,  with  regard  to  heat  and 
moisture.  Local  chemical  alterations  of  its  density, 
thus  partially  brought  about,  are  mechanically  ad- 
justed, and  the  barometer  gives  us  notice  of  what  is 
going  on  in  inaccessible  regions.  A rise  in  the 
dew-point,  accompanied  by  a fall  of  the  barometer, 
is  an  infallible  indication  that  the  whole  mass  of  the 
atmosphere  is  becoming  embued  with  moisture,  and 
a copious  precipitation  may  be  looked  for.  If  the 
fall  of  the  barometer  take  place  at  the  same  time 
that  the  point  of  precipitation  is  depressed,  we  may 
conclude  that  the  expansion  which  occasions  the 
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former  has  arisen  at  some  distant  point,  and  wind, 
not  rain,  will  be  the  result.  But  when  the  air 
attains  the  point  of  precipitation,  with  a high  baro- 
meter, we  may  infer  that  it  is  a transitory  and  super- 
ficial effect,  produced  by  local  depression  of  tempera- 
ture. Particular  illustrations  of  these  modified 
effects  might  easily  be  adduced  in  this  place,  but 
they  will  be  more  conveniently  studied  in  the 
abundant  observations  of  the  annexed  journal. 

Thus  does  the  Hygrometer  mark  with  infallible 
precision  the  comparative  degrees  of  moisture  and 
dryness  in  the  atmosphere,  and  by  exhibiting  them 
in  degrees  of  the  thermometer,  refer  them  to  a known 
standard  of  comparison,  and  speak  in  a language 
which  every  body  understands.  But  its  observa- 
tions may  be  made  applicable  to  a much  wider  field 
of  research,  and  adapted  to  still  more  important 
objects.  By  means  of  tables,  we  can  find  with  the 
utmost  accuracy  and  ease  the « positive  weight  of 
aqueous  vapour  diffused  through  any  given  portion  of 
space,  and  its  force  or  elasticity  as  measured  by  the 
column  of  mercury  which  it  is  capable  of  supporting : 
we  discover  at  once  the  proportion  of  moisture  in  any 
space  to  the  quantity  which  would  be  required  to 
saturate  it,  or  what  has  been  termed  the  true  natural 
scale  of  the  hygrometer : we  can  calculate  with 
perfect  ease  the  specific  gravity  of  any  mixture  of 
air  and  aqueous  vapour:  and  we  can  measure  the 
force  and  quantity  of  evaporation.  Upon  the  data 
employed  in  the  construction  of  the  tables,  it  will  be 
necessary  that  I should  premise  a few  reflections. 

Mr.  Dalton,  in  his  valuable  Essay  before  referred 
to,  has  detailed  the  results  of  a laborious  series  of 
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experiments,  by  which  he  has  ascertained  with  great 
•precision  the  force  of  vapour'  from  water  at  every 
■degree  between  its  freezing  and  its  boiling  points, 
-and  derived  from  them  a formula,  by  which  he  ex- 
tended the  results  . from  the  freezing  of  mercury  to 
the.  325th  degree  of  Fahrenheit’s  scale.  Dr.  Ure 
has  since  ^ entered  upon  the  same  investigation 
with,  a different  modification  of  apparatus,  calcu- 
lated to. avoid  some  irregularities  to  which  Mr. 
Dalton’s  was  exposed.  He  carried  his  actual  ex- 
periments as  high  as  312°;  and  thus  ascertained 
that  Mr.  Dalton’s  ratio  of  progression  for  the  force 
of  vapour,  though  apparently  accommodated  to  the 
intervals  between  32°  and  212°,  could  not  serve  for 
the  higher  ranges.  In  the  prosecution  of  the'  im 
quiry,  he  was  led  to  the  discovery  of  a very  simple 
ratio,  which  admirably  connected  together  the  whole 
series  of  experiments.  In  a former  essay  upon  this 
subject,  I adopted  Mr.  Dalton’s  numbers ; which, 
for  the  range  of  atmospheric  temperature,  exhibited 
not  only  a perfect  adaptation  to  his  own  experi- 
ments, but  also  a surprising  accordance  with  those 
of  Dr.  Ure : but  reflecting  that  from  these  and  other 
considerations,  the  . rule  from  which  they  • were 
derived  could  not  be  the  law  of  nature,  I have  re- 
calculated the  tables  from  the  data  of  Dr.  Ure.  It 
is  gratifying  to  find  that,  for  the  purposes  of  the 
hygrometer,  the  difference  after  all  is  very  incon- 
siderable. 

The  second  column  of  Table  I.  exhibits  the  force 
of  aqueous  vapour,  hence  derived,  in  inches  of  mer- 


♦ Phil.  Trans.  1818.,  p.  338. 
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cury,  at  the  temperature  marked  in  the  correspond^ 
ing  line  of  the  first  column. 

Upon  these  two  data,  namely,  the  force  and  tem- 
perature of  the  vapour,  are  chiefly  founded  the  cal- 
culations which  have  furnished  me  with  the  series  of 
the  third  column,  which  contains  the  weight  in 
grains  of  a cubic  foot  of  the  vapour  at  the  corre^ 
sponding  temperature  and  pressure,  The  method 
of  computing  it  is  as  follows  -.—Steam  at  21  and 
under  a pressure  of  30  inches  of  mercury,  is,  as 
nearly  as  possible,  1700  times  lighter  than  an  equal 
bulk  of  water  at  its  maximum  of  density ; and  a 
cubic  foot  of  water,  at  the  temperature  of  40°,  weighs, 
according  to  the  accurate  investigations  of  Dr. 
Rice,  437272  grains:  the  weight,  therefore,  of  a 
cubic  foot  of  steam,  at  the  above  temperature  and 
pressure  is  or  237.218  grains.  Hence  we 

may  find  the  weight  of  an  equal  bulk  of  vapour  of 
the  same  temperature  under  any  other  given  pres- 
sure, suppose  0.560  in. : for  the  volume  being  in 
inverse  proportion  to  the  pressure, 

Ins.  Ins.  Grs.  Grs. 

30  : 0.560  ::  257.218  : 4.801 

the  weight  required. 

Having  now  obtained  the  weight  of  a cubic  foot 
of  vapour,  at  a pressure  of  0.560  in.,  and  at  a tem- 
perature of  212°,  we  may  proceed  to  find  its  weight 
under  the  same  pressure  at  any  other  temperature, 
suppose  60°.  It  has  been  fully  established,  that 
all  aeriform  bodies  (vapours  out  of  the  contact  of 
their  respective  fluids,  as  well  as  gases,)  expand 
•^-oth  p^rt  of  their  volume  for  every  accession  of 
temperature,  equivalent  to  one  degree  of  Fahrenheit’s 
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scale ; therefore,  reckoning  a volume  of  gas  at 
32®  as  unity,  its  volume  at  60°  is  to  its  volume  at 
212°,  as  1 +-^Yo  istol  + or  ::  1.0583 : 1.3749, 
and  the  density  and  weight  being  in  inverse  pro- 
portion to  the  volume, 

Vol.  at  60.  Vol.  at  213.  Grs.  Grs. 

1.0.583  : 1.3749  : : 4.801  : 6.222 
the  weight  of  the  cubic  foot  of  vapour  at  the  tempe- 
rature of  60°  and  under  a pressure  of  .560  in. 

It  has  also  been  proved  by  Mr.  Dalton,  that  as 
much  vapour  of  determined  temperature  is  formed  in 
a given  bulk  of  air  as  in  a vacuum  of  equal  space ; 
therefore,  the  above  result  gives  the  weight  of 
vapour  which  can  exist  in  a cubit  foot  of  air  at  the 
temperature  of  60°.'  The  fourth  column  of  the 
table  contains  the  proportionate  expansion  for  the 
corresponding  degrees. 
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TABLE  I.  Shewing  the  Force ^ Weight,  and  Expansion  of 
Aqueous  Vapour,  at  different  Temperatures,  from  0® 
to  95°. 


Temp. 

Force. 

Weight  of  a 
Cubic  Foot. 

Expansiou. 

Temp. 

Force. 

Weight  of  a 
Cubic  Foot. 

ExpauBioii. 

0 

0.068 

0.856 

.9334 

26 

0.176 

2.096 

.9875 

1 

0.071 

0.892 

.9355 

27 

0.182 

2.163 

.9896 

2 

0.074 

0.928 

.9375 

28 

0.188 

2.229 

.9017 

3 

0.077 

0.963 

.9396 

29 

0.194 

2.295 

.9938 

4 

0.080 

0.999 

.9417 

30 

0.200 

2.361 

.9959 

5 

0.083 

1.034 

.9438 

31 

0.208 

2.451 

.9980 

6 

0.086 

1.069 

.9459 

32 

0.216 

2.539 

1 . 0000 

7 

0.089 

1.104 

.9480 

33 

0.224 

2.630 

1.0020 

8 

0.092 

1.139 

.9500 

34 

0.232 

2.717 

1.0041 

9 

0.095 

1.173 

.9521 

35 

0.240 

2.805 

1 . 0062 

10 

0.098 

1.208 

.9542 

36 

0.248 

2.892 

1 . 0083 

11 

0.103 

1.254 

.9563 

37 

0.256 

2.979 

1.0104 

12 

0.107 

1.308 

.9584 

38 

0.264 

3.066 

1.0125 

13 

0.111 

1.359 

.9605 

39 

0.272 

3.153 

1.0145 

14 

0.115 

1.405 

.9625 

40 

0.280 

3.239 

1.0166 

15 

0.119 

1.451 

.9646 

41 

0.292 

3.371 

1.0187 

16 

0.123 

1.497 

.9667 

42 

0.304 

3.502 

1 . 0208 

17 

0.127 

1.541 

.9688 

43 

0.316 

3.633 

1.0229 

18 

0.131 

1.586 

.9709 

44 

0.328 

3.763 

1.0250 

19 

0.135 

1.631 

.9730 

45 

0.340 

3.893 

1 . 0270 

20 

0.140 

1.688 

.9750 

46 

0.352 

4.022 

1.0291 

21 

0.146 

1.757 

.9771 

47 

0.364 

4.151 

1.0312 

22 

0.152 

1.825 

.9792 

48 

0.376 

4.279 

1.0333 

23 

0.158 

1 . 893 

.9813 

49 

0.388 

4.407 

1.0354 

24 

0.164 

1.961 

.9834 

50 

0.400 

4.535 

1 . 0375 

25 

0.170 

2.028 

.9855 

51 

0.414 

4.684 

1.0395 
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TABLE  I.  Continued, 


Temp. 

Force. 

Weight  of  a 
Cubic  Foot. 

Expansion. 

Temp. 

Force 

Weight  of  a 
Cubic  Foot. 

Expansion. 

52 

0.428 

4.832 

1.0416 

76 

0.936 

10. 107 

1.0916 

53 

0. 444 

5 . 003 

1 . 0437 

77 

0.966 

10.387 

1 . 0937 

54 

0.460 

5.173 

1.0458 

78 

0.997 

10.699 

1.0958 

55 

0.476 

5.342 

1.0479 

79 

1.028 

11.016 

1.-0979 

56 

0.492. 

5.511 

1.0500 

80 

1.060 

11.333 

1.1000 

57 

0.’508 

5.679 

1.0520 

81 

1.093 

11.665 

1.1020 

58 

0.526 

5.868, 

1.0541 

82 

1.127 

12.005 

1.1041 

59 

0.543 

6.046 

1.0562 

83 

1.162 

12.354 

1 1062> 

60 

0.560 

6.222 

1.0583 

84 

1.  198 

12.713 

1.1083 

61 

0.577 

1 6.399 

1.0604 

85 

1.235 

13  081 

1.1104 

62 

0.594 

6.575 

1.0625 

86 

1.273 

13.458 

1.1125 

63 

0.615 

6.794 

1.0645 

87 

1.312 

13.877 

1.1145 

64 

0.636 

7.013 

1.0666 

88 

1.351 

14.230 

1.1166 

65 

0.657 

7 230 

1.0687 

89 

1 390 

14.613 

1.1187 

66 

0.678 

7.447 

1.0708 

90 

1.430 

15.005 

1.1208 

67 

0.699 

7.662 

1 . 0729 

91 

1.470 

15.432 

1.1229 

68 

0.722 

7.899 

1 . 0750 

92 

1 510 

15.786 

1.1250 

69 

0.745 

8.135 

1.0770 

93 

1.551 

16.186 

1.1270 

70 

0.770 

8.392 

1.0791 

94 

1.593 

16.593 

1.1291 

71 

0.796 

8.658 

1.0812 

95 

1.636 

17.009 

1.1312 

0.  822 

8. 924 

1 . 0833 

4 

73 

0.849 

9.199 

1.0854 

212 

30.000 

257.218 

1 . 3749 

74 

0.877 

9 . 484 

1.0875 

75 

0.906 

9.780 

1.0895  . 

• 
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It  is  at  all  times  desirable  to  bring  the  results  of 
calculation,  however  exact  the  data  upon  which 
they  are  founded,  to  the  test  of  actual  experi- 
ence; and  we  have  the  ready  means  of  so  doing 
with  regard  to  the  above  table.  The  indefa;tigable 
De  Saussure,  in  his  Essais  sur  L’ Hygrom6trie,’* 
gives  the  results  of  a series  of  experiments,  to  de- 
termine the  quantity  of  moisture  which  air  is  capa- 
ble of  dissolving  at  certain  ' temperatures.  The 
means  which  he  employed  were  simple.  He  tho- 
roughly dried  the  air  of  a large  glass  balloon,  of 
known  capacity ; and  then  suspended  in  it  a small 
piece  of  linen,  which  had  been  moistened  and  accu- 
rately weighed.  He  ascertained  the  point  of  sa- 
turation by  means  of  a manometer,  which  ceased 
to  move  when  the  term  of  extreme  humidity  had 
been  obtained,  and  then  withdrawing  the  linen,  he 
instantly  noted  its  loss  of  weight.  He  thus  found 
that  at  the  temperature  of  15°.  16  Reau.  a French  cu- 
bic foot  of  air  took  up  1 1 .0690  grains  of  water ; while 
at  6°.  18  Reau.  it  only  dissolved  5.6549  grains. 
By  reducing  these  results  to  English  weights  and 
measures,  we  have  at  66°  of  Fahrenheit,  7.498 
grains  in  a cubic  foot,  and  at  45 1°  Fahrenheit,  3.830 
grains : a wonderful  accordance  with  our  theoretical 
determinations. 

Mr.  Anderson,  in  his  highly  interesting  treatise 
upon  Hygrometry,  published  in  the  “ Edinburgh  En- 
cyclopaedia,” has  also  given  us  the  results  of  his  ex- 
periments, to  determine  the  same  point  by  a method 
less  liable,  perhaps,  to  objection.  His  manner  of 
operating  consisted  in  causing  a , large  volume  of 
air,  saturated  with  moisture,  to  pass  slowly  in  a 
stream  through  a sufficient  quantity  of  sulphuric 
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acid,  or  dry  muriate  of  lime,  cut  off  from  all  commu- 
nication with  the  atmosphere  ; and  then  observing 
the  increase  of  weight  which  these  substances  ac- 
quired in  consequence  of  the  air  being  transmitted 
through  them.  The  .weight  of  a cubic  foot  of  steam, 
at  different  temperatures  hence  derived,  is  compared 
in  the  following  table  with  those  derived  from  cal- 
culation. 


Temp. 

Grs.  by  Expt. 

Calculated. 

49 

4.085 

4.407 

59 

5.679 

6.046 

77 

9.828 

10.3ST 

83 

11.660 

12.354 

Considering  the  nature  of  the  experiment,  and 
the  complication  of  the  calculations,  this  is  again  a 
very  close  agreement. 

The  manner  of  using  the  table  will,  perhaps,  be 
best  understood  from  an  example.  Let  the  tempe- 
rature of  the  atmosphere  be  70°,  and  the  point  of 
condensation,  as  found  by  the  hygrometer,  55°;  the 
pressure  of  the  vapour,  under  these  circumstances, 
is  immediately  found  opposite  to  the  degree  of  its 
constituent  heat  55°  = 0.476.  To  find  its  weight, 
we  proceed  thus : — Supposing  that  the  temperature 
of  the  air  had  not  differed  from  that  of  the  dew- 
point, its  weight  would  have  been  found  upon  the 
same  line  as  its  pressure  = 5.342  grains.  But 
its  bulk  is  expanded  by  the  excess  of  atmospheric 
heat ; we  must,  therefore,  seek  in  the  fourth  column 
for  the  degree  of  expansion  at  55°=  1.0479,  and  at 
70°  = 1.0791,  and  apply  the  correction  thus : — 

Bulk  at  70O  Bulk  at  65®  Gjs.  Grs. 

U.0791  : 1.0579  ::  5.342  : 5.175 
which  is  the  weight  required. 
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Again, — the  dryness  of  the  atmosphere^  under 
the  above  conditions,  may  be  conveniently  ex- 
pressed as  15°,  in  terms  of  the  thermometric  scale  : 
but  it  may  be  desirable  also  to  know  what  it  would 
be  upon  the  natural  scale  of  the  hygrometer.  This 
is  readily  ascertained  by  dividing  the  elasticity  of 
vapour  at  the  temperature  of  the  dew-point,  by  the 
elasticity  at  the  temperature  of  the  air : the  quotient 
will  express  the  proportion  of  moisture  actually  ex- 
isting, to  the  quantity  which  would  be  required  for 
saturation  ; for,  calling  the  term  of  saturation  1.000, 
as  the  elasticity  of  vapour  at  the  temperature  of 
the  air  is  to  the  elasticity  of  vapour  at  the  tempera- 
ture of  the  dew-point,  so  is  the  term  of  saturation 
to  the  actual  degree  of  moisture, — thus, 

Elas.  at  55°  .476  __ 

Elas.  at  70°  .770 

The  relation  of  this  mode  of  expressing  the  de- 
gree of  moisture  to  that  of  denoting  the  degree  of 
dryness,  by  the  thermometric  scale,  wilf  be  eluci- 
dated by  selecting  a different  example.  Let  the 
temperature  of  the  air  be  47°,  and  the  dew-point  32° ; 
the  dryness  represented  by  the  former  expression 
will  be  15°,  as  before^  but  by  the  latter  the  degree 
of  moisture  will  be  reduced  to  .593.  In  keeping 
a register,  however,  of  observations,  in  which  the 
final  results  are  not  calculated,  the  dew-point  itself 
should  always  be  recorded.  By  neglect  of  this  the 
observations  of  the  hygrometer  published  in  the 
Philosophical  Transactions  are  rendered  nearly 
useless  ; as  the  mere  record  of  the  degrees  of  mois- 
ture on  the  hygrometric  scale  are  of  comparatively 
little  interest,  and  the  results  of  the  hygrometer 
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are  thereby  reduced  almost  to  a par  with  those  of 
a common  hygroscope. 

Thus,  by  two  simple  observations,  and  very  easy 
calculations^  we  ascertain,  with  precision^  the  fol- 
lowing points  of  the  utmost  interest  to  meteorology. 


Temperature  of  the  air 70® 

Dew-point 55° 


Degree  of  dryness  on  the  thermometric  scale  15° 
Degree  of  moisture  on  the  hygrometric  scale  618 

Elasticity  of  the  vapour 476  ins. 

Weight  of  vapour  in  a cubic  foot  . . . 5.175  grs. 

The  state  of  the  atmosphere,  assumed  above, 
would  constitute  fine  weather;  and  one  of  two 
things,  or  a modification  of  both,  must  happen, 
before  any  precipitation  of  water  could  take  place : 
either  the  temperature  of  the  air  must  fall  below 
55°;  or  the  quantity  of  vapour  must  increase  to 
8.392  grains  in  the  cubic  foot,  the  maximum  quan- 
tity which  could  exist  at  70°;  or  the  point  of  con- 
densation may  .become  intermediate,  by  a corre- 
sponding rise  and  fall  of  the  two. 

In  the  first  case,  the  precipitation  would  probably 
be  only  slight  and  transitory,  such  as  mist  or  fog: 
in  the  second  case,  it  would  assume  the  form  of  hard 
rain  and  storms  : while,  in  the  third,  some  conjecture 
might  be  formed  of  its  probable  duration  and  quan- 
tity, according  as  one  or  other  of  its  causes  prevailed. 

But  the  hygrometer  can  be  made  to  measure  not 
only  the  quantity  and  force  of  vapour  existing  at 
any  time  in  the  air,  but  may  be  applied  at  the  same 
time  to  indicate  the  force  and  quantity  of  evapora- 
tion. Mr.  Dalton,  in  the  course  of  that  important 
train  of  investigation  to  which  I have  before  had 
occasion  to  refer,  ascertained  that  the  quantity  of 
water,  evaporated  in  a given  time,  bore  an  exact 
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proportion  to  the  force  of  vapour^  at  the  same 
temperature.  The  atmosphere  obstructs  its  diffu- 
sion, which  would  otherwise  be  instantaneous,  as 
in  vacuo ; but  this  obstruction  is  overcome  with  a 
celerity  proportioned  to  the  force  of  the  vapour. 
The  retardation,  however,  does  not  arise  from  the 
weight  of  the  air,  for  that  would  prevent  any  vapour 
from  rising  under  212°;  but,  as  Mr.  Dalton  observes, 
is  caused  by  the  vis  inertice  of  the  particles  of  air, 
and  is  similar  to  that  which  a stream  of  water  meets 
with  in  descending  amongst  pebbles.  In  ascer- 
taining this  point  at  ordinary  atmospheric  tempera- 
tures, regard  must  be  had  to  the  force  of  vapour 
already  existing  in  the  air.  For  instance,  if  water 
of  57°  were  the  subject,  the  force  of  vapour  of  that 
temperature  is  eVth  of  the  force  at  212°;  and  one 
miglit  expect  the  quantity  of  evaporation  to  be  eVth 
also;  but  if  it  should  happen  that  an  aqueous 
atmosphere  to  that  amount  does  already  exist,  the 
evaporation,  instead  of  being  eath  of  that  from 
boiling  water,  would  be  nothing  at  all.  On  the 
other  hand,  if  the  aqueous  atmosphere  were  less 
than  that,  suppose  half  of  it,  then  the  effective 
evaporating  force  would  be  Tioth  of  that  from  boiling 
water;  in  short,  the  evaporating  force  must  be 
universally  equal  to  that  of  the  temperature  of  the 
water  diminished  by  that  already  existing  in  the 
atmosphere.  But  the  air,  by  its  mechanical  action, 
has  another  influence  upon  the  rate  of  evaporation. 
When  calm  and  still,  it  merely  obstructs  the  pro- 
cess ; but  when  in  motion,  it  increases  its  effect  in 
direct  proportion  to  its  velocity,  by  removing  the 
vapour  as  it  forms.  Mr.  Dalton  fixes  the  extremes 

* See  the  Essay  upon  Evaporation,  p.  489, 
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that  are  likely  to  occur  in  ordinary  circumstances  at 
120  and  189  grains  per  minute,  from  a vessel  of 
six  inches  diameter,  at  a temperature  of  212°. 
Upon  these  data  the  following  Table  was  constructed, 
in  which  Mr,  Dalton’s  results  have  been  accommo- 
dated to  the  progression  of  elasticity  adopted  in 
Table  I.,  from  Dr.  Ure,  by  the  slight  alteration  of 
moving  the  temperature  back  two  degrees. 

TABLE  II Showing  the  Force  of  Vapour,  and  the  full  evaporating 

Force  of  every  Degree  of  Temperature,  from  18°  to  85°;  expressed  in 
Grains  of  Water  that  would  be  raised  per  Minute  from  a Vessel  of 
Six  Inches  in  Diameter,  supposing  there  were  no  Vapour  already  in 
the  Atmosphere. 


Tern. 

Force  of 
Vapour. 

Erap.  Force  in  Grains. 

Tem. 

Force  of 
Vapour. 

Evap.  Force  in 

Grains. 

212° 

30.000 

120  gr. 

154  gr. 

189  gr. 

212° 

30  000 

120  gr. 

154  gr. 

1 89  gr. 

18 

.131 

0.52 

0.67 

0.82 

52 

.428 

1.71 

2.20 

2.69 

19 

.1.35 

0.54 

0.69 

0.85 

53 

.444 

1.77 

2.28 

2.78 

20 

.149 

0.56 

0.71 

0.88 

54 

.460 

1.83 

2.35 

2.88 

21 

.146 

0.58 

0.73 

0.91 

55 

.476 

1.90 

2.43 

2.98 

22 

.152 

0.60 

0.77 

0.94 

56 

.492 

1.96 

2.52 

3.08 

23 

.158 

0.62 

' 0.79 

0.97 

57 

.508 

2.03 

2.61 

3 19 

24 

.164 

0.65 

0.82 

1.02 

58 

.526 

2.10 

2.70 

3.30 

25 

.170 

0.67 

0.86 

1.05 

59 

.543 

2.17 

2.79 

3.41 

26 

.176 

0.70 

0.90 

1.10 

60 

.560 

2.24 

2.88 

3.52 

27 

.182 

0.72 

0.93 

1.13 

61 

.577 

2.31 

2.98 

3.63 

28 

.188 

0.74 

0.95 

1.17 

62 

.594 

2.39 

3.07 

3.76 

29 

.194 

0.77 

0.99 

1.21 

63 

.615 

2.46 

3.16 

3.37 

30 

.200 

0.80 

1.03 

1.26 

64 

.636 

2.54 

3.27 

3.99 

31 

.208 

0.83 

1.07 

1.30 

65 

.657 

2.62 

3.37 

4.12 

32 

.216 

0.86 

1.11 

1.35 

66 

.678 

2.70 

3.47 

4.24 

33 

.224 

0.90 

1.14 

1.39 

C7 

.699 

2.79 

3.59 

4.38 

34 

.232 

0.92 

1.18 

1.45 

68 

.722 

2.88 

3.70 

4.53 

35 

.240 

0.95 

1.22 

1.49 

69 

.745 

2.98 

3.83 

4.68 

36 

.248 

0.98 

1.26 

1.54 

70 

•770 

3.08 

3.96 

4.84 

37 

.256 

1.02 

1.31 

1.60 

71 

.796 

3.18 

4.09 

5.00 

38 

.264 

1.05 

1.35 

1.65 

72 

.822 

3.29 

4.23 

5.17 

39 

.272 

1.09 

1.40 

1.71 

73 

.849 

3.40 

4.37 

5.34 

40 

.280 

1.13 

1.45 

1.78 

74 

.877 

3.52 

4.52 

5.53 

41 

.292 

1.18 

1.51 

1 .85 

75 

.906 

3.65 

4.68 

5.72 

42 

.304 

1.22 

1.57 

1.92 

76 

.936 

3.76 

4.83 

5.91 

43 

.316 

1.26 

1.62 

1.99 

77 

.966 

3.88 

4.99 

6.10 

44 

.328 

1.31 

1.68 

2.06 

78 

.997 

4.00 

5.14 

6.29 

45 

.340 

1.36 

1.75 

2.13 

79 

1.028 

4.16 

5.35 

6.54 

46 

.352 

1.40 

1.80 

2.20 

80 

1.060 

4.28 

5.50 

6.73 

47 

..364 

1.45 

1.86 

2.28 

81 

1.093 

4.40 

5.66 

6.91 

48 

.376 

1.50 

1.92 

2.36 

82 

1.127 

4.56 

5.86 

7.17 

49 

.388 

1 . 55 

1.99 

2.44 

83 

1.162 

4.68 

6.07 

7.46 

50 

.400 

1.60 

2.06 

2.51 

84 

1.198 

4.80 

6.28 

7.75 

51 

.414 

1.66 

2.13 

2.61 

85 

1.235 

4.92 

6.49 

8.04 
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The  first  column  contains  the  degrees  of  tempe- 
rature ; the  second  the  corresponding  force  of  va- 
pour ; the  third  the  amount  of  evaporation  per  mi- 
nute from  a vessel  of  six  inches*  diameter  in  calm 
weather ; the  fourth,  the  amount  in  a moderate 
breeze ; and  the  fifth,  in  a high  wind. 

The  use  of  this  table,  as  applied  to  the  hygro- 
meter^ is  this : — Let  it  be  required  to  know  the 
force  of  evaporation  at  the  existing  state  of  the  at- 
mosphere : find  the  point  of  condensation  by  the 
instrument,  as  before  directed  ; subtract  the  grains 
opposite  that  temperature,  either  in  the  third,  fourth, 
or  fifth  columns,  according  to  the  state  of  the  wind, 
from  the  grains  opposite  to  the  temperature  of  the 
air  in  the  same  column^  and  the  remainder  will  be 
the  quantity  evaporated  in  a minute  from  a vessel 
of  six  inches’  diameter,  under  the  given  circum- 
stances. For  example  ; — Let  the  point  of  conden- 
sation be  55°,  the  temperature  of  the  air  70®,  with 
a moderate  breeze.  The  number  opposite  to  55° 
in  the  fourth  column  is  2.43,  and  that  opposite  to 
70°  is  3.96:  the  difference,  1.53  grain,  is  the  eva- 
poration per  minute. 

But  it  is,  perhaps,  simpler,  and  more  convenient 
in  many  cases,  to  estimate  the  depth  of  the  water 
evaporated  in  a day,  and  Dr.  Young  has  shown 
how  this  may  be  done,  from  Mr.  Dalton’s  data.  It 
happens  that  the  column  of  mercury  equivalent  to 
the  elasticity  of  the  vapour,  expresses,  accurately 
enough,  the  mean  evaporation  in  24  hours.  Mr. 
Dalton’s  experiment  gives  45  grains  per  minute, 
from  a disc  of  3i  inches.  Now  45  x 60  x 24  = 
64800  grains,  or  256.6  cubic  inches,  which  would 
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make  a cylinder  30.9  inches  in  height,  on  a base 
inches  in  diameter;  and  this  differs  only 
from  the  height  of  the  column  of  mercury.  We 
may,  therefore,  assume  that  the  mean  daily  evapo- 
ration is  equal  to  the  tabular  number  expressing  the 
elasticity  of  the  vapour ; sometimes  exceeding  it,  or 
falling  short  of  it  about  one-fourth;  and  we  may 
readiiy  allow  for  the  effect  of  the  moisture  of  the 
atmosphere,  by  deducting  the  number  corresponding 
to  the  temperature  of  deposition.  Thus,  supposing 
the  mean  temperature,  of  24  hours,  to  be  60"^,  and 
that  of  the  dew-point  50,  the  evaporation  will  be 
equal  to  .560  — .400  = .160  inch. 

It  is  evident  that  these  estimates  can  be  but  mere 
approximations;  for  till  we  can  obtain  some  accurate 
measure  of  the  velocity  of  the  wind,  they  must  be 
liable  to  great  uncertainty.  They  are,  howmver,  as 
much  to  be  relied  upon  as  the  registers  of  the  eva- 
porating gauge  in  common  use,  whose  only  proper 
application  can  be  to  furnish  a rough  estimate  of  the 
state  of  atmospheric  saturation,  and  the  point  of 
deposition.  The  notion  that  they  afford  the  abso- 
lute measure  of  the  quantity  of  water  raised  into 
the  air  is  absurd,  for  the  instrument  can  only  give 
the  amount  of  evaporation  from  the  shallow  body  of 
water  in  the  place  w^here  it  has  been  fixed.  The 
conditions  which  modify  the  process  vary  almost 
ad  infinitum.  They  vary  on  the  land  and  on  the 
water ; they  vary  in  sun-shine  and  in  the  shade ; 
they  vary  as  land  is  more  or  less  clothed  with  ve- 
getation, or  as  water  is  more  or  less  deep.  The 
evaporating  gauge,  so  far  from  representing  the 
circumstance  of  those  bodies  which  yield  the  great 
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body  of  vapour  on  the  earth’s  surface,  probably  does 
not  correspond,  in  all  essential  particulars,  with  a 
dozen  puddles  in  the  course  of  the  year ; and  the 
pains  which  are  often  taken  to  make  the  results 
tally  with  those  of  the  rain  gauge,  or  to  compare  the 
two,  are  wholly  misdirected.  The  results  of  the 
hygrometer,  as  applied  above,  accommodate  them- 
selves more  easily  to  the  ever-varying  conditions  of 
the  problem ; and  from  these  we  can  infer  the  effect 
of  each  combination  of  circumstances,  and  the  ca- 
pacity of  the  air  for  moisture  modified  by  the  velo- 
city of  the  winds. 

The  next  application  of  the  hygrometer  is  not  of 
inferior  importance  to  any  of  those  which  we  have 
been  considering : I allude  to  its  application  to  the 
correction  of  barometrical  measurements.  Ever 
since  the  celebrated  and  important  experiment  of 
Torricelli,  the  attention  of  some  of  the  greatest  philo- 
sophers has  been  drawn  in  succession  to  the  interest- 
ing problem  of  the  mensuration  of  heights  by  means 
of  the  barometer.  The  most  laborious  experiments 
have  been  undertaken  for  the  improvement  of  the 
practical  part  of  the  operation,  and  the  utmost 
refinements  of  mathematical  calculation  have  been 
employed  in  the  perfecting  of  its  theory.  To  the 
former,  M.  de  Luc,  General  Roy,  and  Sir  George 
Shuckburgh  have  pre-eminently  contributed ; while 
the  powerful  minds  of  Halley,  Newton,  Playfair, 
and  Laplace,  have  been  applied  to  the  latter.  But 
one  desideratum  in  Physics  has  stopped  the  progress 
of  each  at  nearly  the  same  point ; a desideratum 
which  all  have  felt,  and  all  in  succession  have 
pointed  out.  I allude  to  the  deficiency  of  means  to 
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measure  the  quantity  and  effects  of  aqueous  vapour 
in  the  atmosphere.  The  relation  of  the  air’s  den- 
sity and  elasticity,  the  effects  of  heat  upon  the 
relative  weights  of  mercury  and  air,  the  diminution 
of  gravity  in  ascending  from  the  surface  of  the 
earth,  its  variation  in  different  latitudes,  and  the 
disturbance  of  centrifugal  force,  have  been  appre- 
ciated and  allowed  for ; but  all  the  corrections,  ex- 
cepting the  two  first,  are  exceeded  in  value  by  that 
which  has  hitherto  been  only  the  subject  of  con- 
jecture ; namely,  the  correction  for  moisture.  Some 
of  the  latter  calculations  have,  indeed,  assumed  an 
appearance  of  considerable  accuracy  ; but  while  the 
more  important  problem  remains  unsolved,  such 
appearance  is  only  illusory ; and  it  may  even  be 
doubted  whether  the  state  of  physical  science  is 
ever  likely  to  be  such  as  to  render  the  introduction 
of  the  refinements  which  they  exhibit,  practically 
advantageous.  The  importance,  however,  of  the 
problem,  the  solution  of  which  I am  now  about  to 
attempt,  has,  on  the  contrary,  been  universally 
admitted. 

M.  de  Luc,  in  his  valuable  and  laborious  “ Re- 
searches upon  the  Modifications  of  the  Atmos- 
phere,” thus  adverts  to  the  knowledge  which  it  is 
necessary  to  obtain  of  the  effects  of  vapour  in  the 
air  for  the  perfecting  the  mensuration  of  heights  by 
means  of  the  barometer. 

“ Voila  done  un  nouveau  champ  ouvert  aux 
experiences.  II  s’agit  de  determiner  quel  change- 
ment  on  doit  faire  a la  hauteur  trouvee  par  les 
logarithmes,  quand  fair  est  plus  ou  moins  charge 
de  vapeurs  qu’un  certain  point  fixe  et  de  vapeurs 
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echaufFees  plus  ou  moins  qu’un  certain  degre.  II 
me-  semble  que  pour  decouvrir  cette  loi,  il  faudroit 
pouvoir  joindre  Tobservation  d’un  hygrometre  com- 
parable a celle  du  barometre  et  thermomMre ; car 
le  point  essentiel  consiste  a connoitre  s’il  y a des 
vapeurs  dans  la  colonne  d’air  qui  est  interceptee 
par  les  deux  stations  et  quelle  est  leur  quantite ; 
puisque,  si  les  vapeurs  qui  font  baisser  le  baro- 
metre sont  plus  elevees  que  cette  colonnne,  elles  ne 
changent  point  la  loi  generate  qui  sert  de  fondement 
au  calcul. 

“ Lorsqu’on  aura  obtenu  ce  premier  point,  il  sera 
facile  de  connoitre  par  I’experience,  1°,  Si  les 
vapeurs  influent  de  la  meme  maniere  quelque  soit 
la  densite  de  fair  produite  par  la  pression  supe- 
rieure,  et  par  consequent,  quelque  soit  la  hauteur 
du  mercure  dans  le  barometre.  2°,  Quel  rapport  il 
y a entre  la  quantite  des  vapeurs  exprimee  par  les 
degres  de  I’hygrometre,  et  la  diminution  d’elasticite 
de  fair  par  une  temperature  donnee;  ou  plus 
directement,  quelle  partie  proportionelle  il  faut  de- 
duire  de  la  hauteur  trouvee  par  le  calcul,  ou  ajouter 
a cette  hauteur,  pour  chaque  degre  de  Thygrometre, 
quand  fair  est  a cette  temperature.  3°,  Enfin,  quelle 
modification  doit  eprouver  ce  rapport  lorsque  la 
chaleur  est  plus  ou  moins  grande  que  le  point  fixe, 
auquel  la  force  expansive  des  vapeurs  est  egale  a 
celle  de  fair. 

“ Je  conviens  que  tout  cela  presente  bien  des 
soins  et  des  peines  au  premier  coup-d’oeil;  mais 
j’ai  eprouve  plus  d’une  fois  que  les  difficultes  con- 
nues  s’applanissent  beaucoup  quand  on  les  affronte 
avec  courage.” — Tome  iii.,  p.  288. 
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General  Roy,  in  commenting  upon  his  experi- 
ments upon  the  different  expansions  of  dry  and 
moist  air,  for  the  elucidation  of  the  same  subject, 
says : — 

“ I am  aware  it  will  be  alleged,  that  the  propor- 
tion of  moisture  admitted  into  the  manometer  in 
these  experiments,  is  greater  tlian  what  can  ever 
take  place  in  nature ; and,  therefore,  in  order  to  be 
able  to  judge  of  the  degrees  of  expansion  the  me- 
dium suffers  in  its  more  or  less  dense,  and  more  or 
less  moist,  states,  that  not  only  air  near  the  surface 
of  the  earth,  but  likewise  that  found  at  the  top  of 
some  very  high  mountains  should  have  been  made 
use  of.  I grant  all  this ; but,  on  the  other  hand,  it 
must  be  remembered,  that  those  experiments  are 
very  recently  finished  ; that  a good  hygrometer,  (if 
such  can  ever  be  obtained,)  a great  deal  of  leisure 
time,  and  the  vicinity  of  high  mountains,  were 
all  necessary  for  the  carrying  of  such  a scheme 
into  execution.  It  is  for  these  reasons,  and  in 
hopes  that  other  people  will  sooner  or  later  investi- 
gate this  matter  still  further,  not  only  by  experi- 
ments made  on  the  expansion  of  air  taken  at  dif- 
ferent heights  above  the  level  of  the  sea  in  middle 
latitudes,  but  likewise  on  that  appertaining  to  the 
humid  and  dry  regions  of  the  atmosphere  towards 
the  equator  and  poles,  that  I have  been  induced  to 
hasten  the  communication  of  this  paper.  In  the 
mean  time,  having  proved,  beyond  the  possibility  of 
a doubt,  that  a wonderful  difference  doth  exist  be- 
tween the  elastic  force  of  dry  and  moist  air,  I may 
be  allowed  hereafter  to  reason  by  analogy  on  the 
probable  effects  this  will  produce  in  measuring 
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heights  by  the  barometer.” — Phil.  Trans,  vol.  Ixvii. 
p.  714. 

M.  Laplace,  who  has  applied  the  prodigious 
powers  of  his  science  to  the  perfecting  the  baro- 
metric and  has  availed  himself  of  all  the 

accuracy  of  the  modern  method  of  experiment,  was 
forced  to  leave  the  hygrometric  state  of  the  air  in 
the  catalogue  of  inevitable  errors,  contenting  him- 
self with  an  approximate  correction : — 

Les  corrections,”  says  he,  “ relatives  a la  lati- 
tude, et  a la  variation  de  la  pesanteur,  sont  tres- 
petites  ; mais  commes  elles  sont  certaines,  il  est  utile 
de  les  employer  pour  ne  laisser  subsister  dans  le 
calcul  que  les  erreurs  inevitables  des  observations, 
et  celles  qui  resultent  des  attractions  inconnues  des 
montagnes,  de  Ve'tat  hygrome'trique  de  I" air,  auquel  il 
serait  necessaire  d' avoir  e'gard;  et  enfin  de  I’hypo- 
these  adoptee  sur  la  loi  de  la  diminution  de  la  cha- 
leur.  On  tiendrait  compte^  en  partie,  de  I’etat  hy- 
grometrique  de  fair  en  augmentant  un  peu  le  coef- 

t + 1' 

ficient  0.00375  de  — dans  la  formule  precedente ; 

car  la  vapeur  aqueuse  est  plus  legere  que  Pair,  et 
I’accroissement  de  temperature  en  accroit  la  quan- 
tile, toutes  choses  egales  d’ailleurs.” — Mccanique 
Celeste.  Tom.  iv.,  p.  292. 

The  late  lamented  Mr.  Playfair,  in  an  elaborate 
paper  upon  the  same  subject,  published  in  the 
Philosophical  Transactions  of  Edinburgh,  (vol.  i. 
1778,)  thus  enforces  the  same  argument : There 
is  another  cause  of  error,  which,  had  the  effects  of 
it  been  sufficiently  known,  ought,  no  doubt,  to  have 
entered  into  this  investigation.  Moisture,  when 
chemically  united  to  air,  or  dissolved  in  it,  so  as  to 
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form  part  of  the  same  homogeneous  and  invisible 
fluids  appears  to  have  a powerful  effect  to  increase 
the  elasticity  of  the  air  and  its  expansion,  for 
every  additional  degree  of  heat  which  it  receives. 
Though  the  judicious  and  accurate  experiments  of 
General  Roy  have  ascertained  this  effect  of  humi- 
dity, and  have  even  gone  far  to  determine  the  law 
of  its  operation ; yet,  for  want  of  a measure  of  the 
quantity  of  it  contained  at  any  given  time  in  the 
air,  it  is  impossible  to  make  any  application  of  this 
knowledge  to  the  object  under  our  consideration.” 

Lastly  Mr.  Leslie,  in  an  article  upon  baro- 
metrical measurements  in  the  Supplement  to  the  En- 
cyclopedia Britanjiica,  concludes  his  detail  of  cor- 
rections with  the  same  acknowledgment.  The 
humidity  of  the  air  also  materially  affects  its  elas- 
ticity, and  the  hygrometer  should  therefore  be  con- 
joined with  the  thermometer  in  correcting  barome- 
trical observations.  But  nothing  satisfactory  has 
yet  been  done  with  regard  to  that  subject.  The 
ordinary  hygrometers,  or  rather  hygroscopes,  are 
mere  toys,  and  their  application  to  science  is  alto- 
gether hypothetical.” 

Impressed  with  the  importance  of  the  object,  so 
clearly  pointed  out  by  a succession  of  the  most  able 
philosophers,  I had  no  sooner  succeeded  in  con- 
structing an  instrument  which,  upon  unerring  prin- 
ciples, would  show  the  quantity  of  vapour  contained 
at  any  given  time  in  the  air,  than  I turned  my  at- 
tention to  render  it  available  to  the  desired  pur- 
pose ; and  I shall  now  endeavour  to  explain  a 
method  of  observation  and  calculation  which,  I 
trust,  will  be  found  fully  and  strictly  to  solve  this 
important  problem. 
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The  most  simple  way  of  considering  the  subject^ 
in  a general  point  of  view,  appears  to  me  to  be  that 
which  was,  I believe,  first  suggested  by  Sir  George 
Shuckburgh  {Fhil  Tram,  vol.lxvii.  p.  556.),  namely, 
to  make  a comparison  of  the  specific  gravities  of 
mercury  and  air  at  a fixed  temperature,  and  under 
a given  pressure,  the  foundation  of  the  operation. 
In  this  manner  we  calculate  the  height  of  a column 
of  air,  compared  with  any  given  column  of  mer- 
cury of  equal  base,  supposing  it  of  equal  density 
throughout.  The  calculation  of  the  gradual  dimi- 
nution of  density  which  takes  place  for  equal 
ascents  in  the  atmosphere,  according  to  a geome- 
trical progression,  is  made  in  the  usual  way,  by 
means  of  logarithms.  This  latter  calculation  may 
be  deemed  invariable  under  all  circumstances  ; the 
former  includes  all  the  adventitious  circumstances, 
and  all  the  effects  of  disturbing  causes. 

The  well-known  accuracy  of  MM.  Biot  and 
Arago,  assisted  by  the  nicety  of  modern  instru- 
ments, has  determined  the  relative  specific  gravities 
of  dry  air  and  mercury  at  a temperature  of  32°, 
and  under  a pressure  of  30.00  inches,  to  be  as  1 to 
10435.  The  height  of  a column  of  air,  therefore, 
of  equal  density  throughout,  which  would  balance  a 
column  of  mercury  of  30  inches,  under  these  con- 
ditions, would  be  very  nearly  26090  feet,  or  4348 
fathoms.  Now  the  modulus  of  the  common  system 
of  logarithms  being  .4342945,  the  height  of  the 
homogeneous  atmosphere  in  fathoms  may  be  con- 
sidered identical  with  its  thousandth  part ; and  the 
decrease  of  density  for  the  height  is  therefore  imme- 
diately found  by  taking  out  the  logarithm  of  the 
given  height^. 

* See  the  first  Essay,  p.  12, 
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These  proportions  may  be  disturbed  in  two 
ways  by  the  operation  of  heat.  In  the  first  place, 
its  expansive  power,  acting  upon  the  mercury,  may 
dilate  or  contract  its  particles  ; so  that  a column  of 
30  inches^  being  more  or  less  dense,  will  require  an 
equipoise  of  greater  or  less  length,  according  as  its 
temperature  is  below  or  above  the  standard  at  32°. 
This  effect  has  beemmost  minutely  appreciated,  and 
its  correction  is  applied  with  the  utmost  ease  and 
precision.  In  the  second  place,  the  power  of  heat, 
acting  upon  the  air,  occasions  a much  more  consi- 
derable dilation  or  contraction  of  its  parts,  and 
gives  rise  to  much  greater  differences  in  the  height 
of  the  equiponderant  column.  The  expansion  of 
air  has  been  determined  with  precision  by  the 
experiments  of  M.  Gay-Lussac,  and  from  them  we 
infer,  with  confidence,  that  it  increases  or  diminishes 
4 8oth  part  for  every  addition  or  subtraction  of  1°  of 
heat.  In  this  situation,  therefore,  the  operation 
stands  : the  column  of  mercury,  which  is  the  mea- 
sure applied,  is  rendered  an  invariable  standard  of 
comparison,  by  being  brought,  by  an  easy  calcula- 
tion, to  a known  density  ; and  the  altitude  measured 
is  in  proportion  to  the  specific  gravity  of  the  air. 

But  heat  is  not  the  only  agent  which  alters  the 
specific  gravity  of  the  air;  the  admixture  of  aqueous 
vapour,  it  is  well  known,  produces  very  important 
changes  in  its  density.  It  did  not,  as  I have  shown, 
escape  the  observation  of  General  Roy,  that  air,  in 
contact  with  water,  expanded  much  more  than  dry 
air ; and,  from  well-conducted  experiments,  he  as- 
certained that  the  expansion  was  greater  for  equal 
increments  as  the  temperatuTe  rose.  From  the 
mean  results  which  he  obtained,  the  following  in- 
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creasing  rates  of  expansion  were  derived: — 1000 
parts  of  air,  in  contact  with  water,  and  under  a 
pressure  of  32.18  inches,  expanded  for  each  degree 

From  0 — 32  . . . . 2.22799 

32  — 52  2.58800 

52  — 72  2.97228 

72  — 92  3.63194 

92  — 112  . . . • . 4.91072 

112  — 132  6.86550 

132  — 152  9.89494 

152  — 172  12.04087 

172  — 192  17.88344 

192  — 212  19.22470 

I am  indebted  to  M.  Gay-Lussac  for  the  fol- 
lowing clear  way  of  explaining  the  expansion  of  a 
dry  gas,  by  the  admission  of  aqueous  vapour,  and 
formula  for  the  calculation  of  its  effects  : — 

Let  us  suppose  that  the  gas  in  contact  with  the 
water^  in  an  inextensible  vessel,  has  an  elastic 
force  equal  to  p + f (p  being  the  pressure  of  the 
atmosphere,  and  f the  force  of  the  vapour.)  If  the 
vessel  should  now  become  extensible,  it  would 
dilate  until  the  interior  pressure  became  equal  to 
the  exterior  ; so  that,  as  f is  constant,  the  gas  will 
expand,  until  its  elasticity  become  equal  to  p 
and  the  volumes  being  in  inverse  proportion  to  the 
compression,  v,  the  volume  of  air  before  its  mix- 
ture with  the  vapour,  is  to  V,  its  volume  after  mix- 
ture, as  p -f  : p;  that  is  to  say, 

V : V ::  p - f : p. 

So  that  V = V ; or  if  d = l,  r = 

Thus,  if  it  be  required  to  know  the  expansion  which 
would  take  place  in  dry  air,  by  placing  it  in  contact 
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with  water,  and  raising  its  temperature  from  0°  to 
32°,  the  force  of  vapour  at  that  temperature,  by 
Dr.  lire’s  table,  is  0.216  ; therefore 

29.784  : 30.000  ::  1.00000  : 1.00725. 

This  is  the  expansion  which  would  arise  from 
vapour  only:  to  this  we  must  add  the  expansion 
which  would  take  place  from  the  rise  in  temperature. 
Now  .00223  (the  expansion,  per  degree,  for  the 
bulk  at  0°)  X 32  = 0.7802 ; which,  added  to 
1,00725,  makes  the  total  expansion  1.08527. 

But  the  expansion  which  vapour  causes  in  air,  is 
not  precisely  similar  to  that  occasioned  by  heat ; for 
while  it  dilates  its  parts,  it  adds  its  own  weight  to 
the  mixture.  Let  it  be  required  to  know  the  spe- 
cific gravity  of  air  at  32°,  saturated  with  vapour, 
compared  with  dry  air,  at  the  same  temperature. 
Call  the  latter  1.00000:  the  quantity  of  expansion 
will  be  .00725 ; which,  considered  alone,  would 
reduce  the  specific  gravity  to  .9928.  But  the  weight 
of  a cubic  foot  of  air,  under  the  conditions  above 
named,  is  558.131  grains,  and  the  weight  of  a 
cubic  foot  of  vapour  at  32°,  is  2.539  grains  ; w^hich’ 
the  former  being  1.00000,  will  be  nearly  .00455  ; 
and  which,  added  to  the  .99280  before  obtained, 
will  give  .99735  for  specific  gravity  sought. 

Upon  this  principle  I have  constructed  the  follow- 
ing table,  by  means  of  which  the  specific  gravity  of 
any  mixture  of  atmospheric  air  and  aqueous  vapour 
from  0°  to  90°,  may  readily  be  found  with  sufficient 
precision.  I have  made  air,  under  a pressure  of  30 
inches  of  mercury  and  at  the  temperature  of  32°, 
the  standard  of  comparison.  The  first  column  con- 
tains the  degrees  of  Fahrenheit’s  thermometer  ; the 
second  shows  the  quantity  due  to  each  degree  of 
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heat,  to  be  subtracted,  or  added  to  the  original 
bulk,  according  as  the  temperature  is  above  or 
below  the  standard  ; the  third  exhibits  the  expan- 
sion of  volume  occasioned  by  vapour  of  the  respec- 
tive degrees  of  elasticity  appropriate  to  the  several 
degrees  of  heat,  and  is  always  to  be  added  ; the 
fourth  is  the  correction  to  be  applied  for  the  weight 
of  the  vapour,  and  is  constantly  to  be  added  to  the 
specific  gravity  corrected  for  the  expansion ; and 
the  fifth  is  the  correct  specific  gravity,  supposing 
the  air  saturated  with  moisture  at  the  given  tem- 
perature. 

TABLE  III. — For  finding  the  Specific  Gravity  of  any  Mixture 
of  Air  and  Aqueous  Vapour , at  Mean  Pressure^  from  0°  to 
90°. — Dry  Air  at  32°  Temp,  and  30  Inches^  Pressure^  being 
zz  1.0000. 


Temp. 

Alteration  of 
Volume 
from  Heat. 

Alteration  of 
Volume 
from  Vapour. 

Increase  of 
Density 
from  Weight. 

Correct  Specific 
Gravity  of 
Saturated  Air. 

0 

— .06666 

+ .00227 

+ .00153 

1.0703 

1 

— .06458 

+ .00237 

+ .00159 

1.0679 

2 

— .06249 

+ .00247 

+ .00166 

1.0655 

3 

-.06041 

+ .00257 

+ .00172 

1.0631 

4 

— .05833 

+ .00267 

+ .00179 

1.0607 

5 

-.05624 

+ .00277 

+ .00185 

1.0583 

6 

-.05416 

+ .00287 

+ .00191 

1.0559 

7 

-.05208 

+ .00298 

+ .00197 

1.0536 

8 

-.04999 

+ .00308 

+ .00204 

1.0512 

9 

-.04791 

+ .00318 

+ .00210 

1.0489 

10 

-.04583 

+ .00328 

+ .00216 

1.0466 

11 

-.04374 

+ .00344 

+ .00224 

1.0442 

12 

-.04166 

+ .00358 

+ .00234 

1.0419 

N 
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TABLE  III.  continued. 


Temp. 

Alteration  of 
Volume 
from  Heat. 

Alteration  of 
Volume 
from  Vapour. 

Increase  of 
Density 
^from  Weight. 

Correct  Specific 
Gravity  of 
Saturated  Air. 

13 

-.03958 

+ .00372 

+ .00243 

1.0396 

14 

-.03749 

+ .00385 

+ .00251 

1.0373 

15 

— .03541 

+ .00398 

+ .00260 

1.0350 

16 

-.03333 

+ .00412 

+ .00268 

1.0327 

17 

-.03124 

+ .00425 

+ .00276 

1.0304 

18 

-.02916 

+ .00439 

+ .00284 

1.0282 

19 

-.02708 

+ .00452 

+ .00292 

1.0260 

20 

-.02500 

+ .00469 

+ .00302 

1.0239 

21 

-.02291 

+ .00489 

+ .00314 

1.0215 

22 

- .02083 

+ .00509 

+ .00327 

1.0194 

23 

-.01874 

+ .00529 

+ .00339 

1.0171 

24 

-.01666 

+ .00549 

+ .00351 

1.0148 

25 

-.01458 

+ .00570 

+ .00363 

1.0125 

26 

-.01249 

+ .00590 

+ .00375 

1.0104 

27 

-.01041 

+ .00610 

+ .00387 

1.0082 

28 

-.00833 

+ .00631 

+ .00399 

1.0061 

29 

-.00624 

+ .00651 

+ .00411 

1.0041 

30 

-.00416 

+ .00671 

+ .00423 

1.0017 

31 

- .00208 

+ .00698 

+ .00439 

.9995 

32 

.00000 

+ .00725 

+ .00454 

.9973 

33 

+ 00208 

+ .00752 

+ .00471 

.9952 

34 

+ .00416 

+ .00779 

+ .00486 

.9927 

35 

+ .00624 

+ .00806 

+ .00.502 

.9909 

36 

+ .00833 

+ .00834 

+ .00518 

.9887 

37 

+ .01041 

+ .00864 

+ .00533 

.9867 

38 

+ .01249 

+ .00889 

+ .00549 

.9846 
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Temp. 

Alteration  of 
Volume 
from  Heat. 

Alteration  of 
Volume 
from  Vapour. 

Increase  of 
Density 
from  Weiglit. 

Correct  Specific 
Gravity  of 
Saturated  Air. 

39 

+ .01458 

+ .00915 

+ .00564 

.9824 

40 

+ .01666 

+ .00942 

+ .00580 

.9804 

41 

+ .01874 

+ .00983 

+ .00604 

.9783 

42 

+ .02083 

+ .01024 

+ .00627 

.9761 

43 

+ .02291 

+ .01064 

+ .00650 

.9741 

44 

+ .02499 

+ .01105 

+ .00674 

.9720 

45 

+ .02708 

+ .01146 

+ .00697 

.9699 

46 

+ .02916 

+ .01187 

+ .00720 

.9679 

47 

+ .03124 

+ .01228 

+ .00743 

.9658 

48 

+ .03333 

+ .01269 

+ .00766 

.9636 

49 

+ .03541 

+ .01310 

+ .00789 

.9616 

50 

+ .03749 

+ .01351 

+ .00803 

.9596 

51 

+ .03958 

+ .01399 

+ .00839 

.9575 

52 

+ .04166 

+ .01447 

+ .00864 

.9555 

53 

+ .04374 

+ .01502 

+ .00896 

.9535 

54 

+ .04583 

+ .01557 

+ .00926 

.9514 

55 

+ .04791 

+ .01612 

+ .00957 

.9494 

56 

+ .04999 

+ .01667 

+ .00987 

.9474 

57 

+ .05208 

+ .01723 

+ .01017 

.9453 

58 

+ .05416 

+ .01784 

+ .01051 

.9433 

59 

+ .05624 

+ .01843 

+ .01083 

.9414 

60 

+ .05833 

+ .01902 

+ .01114 

.9394 

61 

+ .06041 

+ .01961 

+ .01146 

.9374 

62 

+ .06249 

+ .02020 

+ .01178 

.9354 

63 

+ .06458 

+ .02093 

+ .01217 

.9334 

64 

+ .06666 

+ .02166 

+ .01256 

.9314 
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TABLE  III,  continued. 


Temp. 

Alteration  of 
Volume 
from  Heat. 

Alteration  of 
Volume 
from  Vapour. 

Increase  of 
Density 
from  Weight. 

Correct  Specific 
Gravity  of 
Saturated  Air. 

65 

+ .06874 

+ .02239 

+ .01295 

.92^„ 

75 

66 

+ .07083 

+ 02312 

+ .01334 

.92  ^ 

67 

+ .07291 

+ .02386 

+ .01372 

.92  5 

68 

+ .07499 

+ .02466 

+ .01415 

-.9235 

69 

+ .07708 

+ .02546 

+ .01457 

.9216 

70 

+ .07916 

+ .02634 

+ .01503 

.9196 

71 

+ .08124 

+ .02725 

+ .01551 

.9177 

72 

+ .08333 

+ .02817 

+ .01598 

.9157 

73 

+ .08541 

+ .02912 

+ .01648 

.9137 

74 

+ .08749 

+ .03011 

+ .01699 

.9117  ’ 

75 

+ .08958 

+ .03114 

+ .01752 

.9098 

76 

+ .09166 

+ .03221 

+ .01810 

.9079 

77 

+ .09374 

+ .03327 

+ .01861 

.9059 

78 

+ .09583 

+ .03438 

+ .01916 

.9039 

79 

+ .09791 

+ .03548 

+ .01973 

.9020  ^ 

80 

+ .09999 

+ .03663 

+ . 02030 

.9001 

81 

+ .10208 

+ .03781 

+ .02090 

.8982 

82 

+ .10416 

+ .03903 

+ .02150 

.8962 

83 

+ .10624 

+ .04029 

+ .02213 

.8943 

84 

+ .10833 

+ .04159 

+ .02277 

.8924 

85 

+ .11041 

+ .04293 

+ .02343 

.8905 

86 

+ .11249 

+ .04431 

+ .02411 

.8885 

87 

+ .11458 

+ .04573 

+ .02486 

.8867 

88 

+ .11666 

+ .04716 

+ .02549 

.8847 

89 

+ .11874 

+ .04858 

+ .02618 

.8828 

90 

+ . 12083 

+ .05005 

+ .02688 

.8809 
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To  find  the  specific  gravity  of  any  mixture  of  air 
and  aqueous  vapour  by  means  of  this  table,  we  must 
proceed  as  follows  : — Note  the  temperature  and  the 
point  of  condensation  by  the  hygrometer;  if  they 
coincide,  that  is  to  say,  if  the  air  be  in  a state  of 
saturation,  we  shall  find  the  specific  gravity  required 
in  the  fifth  column  opposite  to  the  proper  degree  of  , 
heat  in  the  first  column.  If  the  point  of  condensa- 
tion be  below  the  temperature,  we  must  look  for  the 
amount  of  the  alteration  of  volume  due  to  the  heat  in 
the  second  column,  and  for  the  expansion  due  to 
the  vapour  in  the  third  column.  Add  these  toge- 
ther, if  they  have  like  signs ; or  subtract  one  from 
the  other  if  they  have  different  signs.  As  the 
volume  corrected  by  this  quantity  is  to  the  original 
volume,  so  is  the  standard  specific  gravity  to  the 
specific  gravity  as  affected  by  the  expansion  or 
contraction.  To  this  must  be  added  the  increase  of 
weight  due  to  the  vapour  in  the  fourth  column,  and 
the  result  will  be  the  correct  specific  gravity  sought. 

For  example: — If  you  wish  to  know  the  specific 
gravity  of  a mixture  of  air  and  vapour  of  the  tem- 
perature of  60®,  and  of  which  the  dew-point  is  40"", 
we  find  in  the  second  column  opposite  to  60®  the 
number  +.05833,  and  in  the  third  column  opposite 
to  40'’  we  have  + .00942:  the  sum  of  which  is 
+ .06775;  therefore 

1.06775  ; 1 ::  1 : 93659. 

In  the  fourth  column  opposite  to  40"  we  find 
+ .00580,  and  .93659  +.00580  = .94239  ; 
which  is  the  correct  specific  gravity  under  the 
assumed  circumstances. 

The  application  of  this  Table  to  barometrical 


182  CONSTRUCTION  AND  USES 

mensurations  is  sufficiently  simple.  For  this  pur- 
pose, with  the  usual  operations  at  the  upper  and 
lower  stations,  must  be  combined  simultaneous  ob- 
servations of  the  dew-point,  by  means  of  the  hygro- 
meter ; and  the  approximate  height,  deduced  in  the 
common  way,  may,  at  once,  be  corrected  for  tempe- 
rature and  moisture,  by  the  specific  gravity  of  the 
air  so  obtained.  As  the  specific  gravity  of  the  air 
at  the  time  of  the  experiment  is  to  1.00000,  the 
standard,  so  will  the  approximate  height  be  to  the 
real  height. 

If  I am  correct  in  my  previous  view  of  the  con- 
stitution of  the  atmosphere,  this  is  at  once  the  most 
simple  and  correct  method  of  applying  the  correc- 
tion, both  for  temperature  and  vapour.  By  frequent 
observations  of  the  hygrometer,  in  ascending  a 
mountain,  some  estimate  may  be  formed  of  the 
depth  of  the  different  beds  of  vapour  which  are 
mingled  with  the  atmosphere,  and  a nearer  approxi- 
mation may  be  made  to  the  mean  temperature,  by 
as  frequently  consulting  the  thermometer,  than  by 
assuming  that  regular  gradation  which  two  observa- 
tions, at  the  bottom  and  top,  suppose.  If,  upon 
ascending  a height,  I were  to  find  that  the  dew-point 
was  stationary  during  two-thirds  of  the  ascent,  and 
that  during  the  remaining  third  it  had  fallen  ten 
degrees,  I should  calculate  the  specific  gravity  of 
the  atmospheric  column,’  upon  the  supposition  that 
two-thirds  of  it  were  affected  by  the  expansion  due 
to  the  elastic  force  of  vapour  of  the  higher  degree, 
and  one-third  of  the  lower  degree  ; and  in  the  same 
manner  I would  calculate  the  expansion  of  the  heat, 
by  forming  an  estimate  of  the  depth  of  the  strata  in 
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which  the  thermometer  indicated  a steady  tempera- 
ture. 

I shall  now  suppose  a case,  in  which  all  the  pro- 
per observations  have  been  made,  for  the  purpose 
of  showing  more  distinctly  the  manner  in  which  I 
propose  to  apply  the  table  of  correction. 


Bat'om.  at  lower  station  29.528 

Temp,  of  mercury  58° 

upper  ditto  28.161 

. 

. . 51 

Deduct  for  temp,  of  29.528 

mercury  .084 

29.444 

Logarithm 

.4689378 

28.161 

Ditto  ditto  .060 

28.101 

Logarithm 

.4487063 

Approximate  height  in  fathoms  202.31 5 

X 6 


Ditto  ditto  in  feet  . . 1213.890 


Temp,  of  air  at  lower  station  55  Dew-point  40° 
Ditto  ditto  upper  ditto  51 J Ditto  38 

Mean  ....  53| 


Expansion  of  air  at  53°  per  Table 04374 

Expansion  for  vapour  at  40° 00942 

at  38° 00889 

Mean  00915 


Total  expansion  . .05289 


105289  : 100000  ::  lOOOOO  : 94976 

Increase  of  density  for  vapour  at  40°. . .00580 
- . at  38°.  . .00549 

Mean 00564 


C ciicc  ( j ] ( cif  c . . 95540 
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Approx.  Correct 
S.G.  ofair.  Standard.  height.  height. 

Then  .9554  ";  10000  1214  : 1270 

Or  the  correction  may  at  once  be  made  upon  the  comparative 
sp.  grav.  of  mercury  and  air,  and  the  height  of  the  homogeneous 
atmosphere. 

S.  G.  of  air.  Standard.  S.  G.  of  mercury. 

For  .9554  : 10000  ::  10435  : 10922 
and  10922  x 30  327660  inches,  or  27305  feet. 

Correct  height  of  the  homogeneous  atmosphere  of  the  specific 
gravity  found  by  the  observations. 

Modulus  of  DifF.  of  Homogen.  Correct 

Logarithm.  Logarithm.  Atmosph.  Height. 

Then  .4342945  : 202315  27305  : 1272. 

The  hygrometer  may  be  applied  also  to  artificial 
atmospheres,  and  experiments  upon  confined  air. 
Plate  1,  Fig,  2,  represents  a receiver  prepared  for 
this  purpose.  A hole  is  drilled  in  its  side,  through 
which  the  tube  proceeding  from  the  ball  within  it, 
containing  the  thermometer,  is  passed,  and  welded 
with  the  tube  proceeding  from  the  other  ball  on  its 
exterior,  by  means  of  a lamp  ; the  stem  is  secured 
in  the  side  of  the  glass  with  cement,  the  ether  boiled, 
and  the  capillary  opening  closed,  as  before  directed. 
The  external  ball  is  then  to  be  covered  with  muslin; 
by  this  arrangement  the  evaporation  from  the  latter 
produces  a corresponding  degree  of  cold  upon  the 
internal  ball,  which  will  measure  the  quantity  of 
vapour  included,  by  the  precipitation,  which  may 
readily  be  marked.  In  delicate  experiments  a 
lighted  taper,  in  a glass  lantern,  placed  behind  the 
bulb  of  the  instrument,  renders  the  deposition  more 
easily  visible,  and  ensures  accuracy. 

The  hygrometric  properties  of  any  substance 
may  thus  be  readily  measured,  by  placing  it  under 
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the  receiver,  and  marking  the  absorption  of  the 
vapour. 

Before  I enter  into  the  detail  of  experiments 
which  I have  made  with  the  hygrometer  under 
consideration,  the  results  of  which  I cannot  help 
indulging  a hope  may  be  found  to  be  interesting  to 
science^  I feel  myself  called  upon,  rather  unwil- 
lingly, to  say  something  of  the  merits  of  the  instru- 
ment, in  comparison  with  others  which  have  been 
intended  to  answer  the  same  purposes.  I was 
induced,  at  first,  to  hope  that  the  universally  ac- 
knowledged precision  of  the  principle  upon  which 
its  indications  were  founded,  would  have  ensured 
for  it  a general  adoption  : and  I hastened  to  com- 
municate my  observations  in  a more  incomplete 
state  than  I should  otherwise  have  done,  from  a 
conviction  that  the  great  value  of  the  invention 
must  be  derived  from  the  number,  extent,  and  com- 
parison of  experiments  performed  with  it  by  dif- 
ferent observers,  in  different  situations.  Time, 
however,  is  necessary  to  overcome  the  force  of 
prejudice,  and  some  allowance  must  be  made  for 
the  predilections  of  habit.  I ought  not,  perhaps, 
to  be  surprised  that  continental  philosophers  have 
been  slow  in  adopting  the  invention,  when  I look 
to  the  obstacles  which  have  opposed  its  progress 
in  this  country.  It  was  many  years  before  the 
leaders  of  the  scientific  world  even  heard  of  its 
existence. 

Professor  Leslie,  in  an  article  upon  meteorology, 
in  the  Supplement  to  the  Encyclopwdia  Britarmica, 
published  three  years  after  my  first  paper  on  the 
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hygrometer,  in  one  solitary  remark  upon  the  expe- 
riment of  Le  Roi,  and  the  dew-point,  observes, 
“ Could  this  method  have  been  easily  and  nicely 
reduced  to  practice,  it  might  certainly  have  furnished 
an  accurate  estimate  of  the  hygrometer,  and  state 
of  the  atmosphere.” 

I am  happy  to  record  this  important  testimony  to 
the  correctness  of  the  principle,  and  have  only  to 
regret  that  the  humble  fame  of  the  individual  has 
been  insufficient  to  attract  the  Professor’s  attention 
to  means,  which  may  surely  be  deemed  easy  and 
jiice,  of  attaining  an  end,  of  the  importance  of  which 
he  is  so  thoroughly  impressed.  I am,  doubtless, 
in  courtesy,  bound  to  suppose  that  Mr.  Leslie 
would  not  be  inclined  to  defend  his  encyclopsediacal 
knowledge  at  the  expense  of  his  candour. 

It  would  never  have  occurrred  to  me  to  enter 
into  a comparison  of  my  hygrometer  with  the. 
hygroscopic  contrivances  which  have  been  hitherto 
in  use ; for  I conceived  that  the  vagueness  and 
fallacy  of  their  indications,  their  gradual  and  ne- 
cessary deterioration,  their  liability  to  derange- 
ment, and  accidental  injury,  had  been  universally 
admitted  ; and  I thought  that  an  instrument  to  mea- 
sure the  portion  of  humidity  which  a given  portion 
of  air  holds,  or  is  capable  of  sustaining,  had  been 
an  acknowledged  desideratum  in  physics.  But 
here  again  I was  deceived.  I have  lately  learnt, 
with  no  small  degree  of  surprise,  that  there  are 
some,  even  amongst  those  whose  rank  in  science 
give  weight  and  importance  to  their  opinions,  who 
prefer,  the  observations  of  a hair,  a gut,  or  the  beard 
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of  an  oat.  The  only  reason  assigned  for  this  pre- 
ference is  the  time  which  is  occupied  in  taking  an 
observation  with  my  hygrometer,  while  mere  in- 
spection is  sufficient  to  ascertain  the  indications  of 
the  others.  To  this  I reply,  that  one  accurate  ob- 
servation upon  fixed  and  certain  principles  is  worth 
a thousand  uncertain  approximations  ; and  that, 
therefore,  if  it  were  true  that  it  requires  much  time 
for  its  management,  the  infallibility  of  the  result 
should  have  ensured  its  adoption.  But  this  waste 
of  time  must  be  a mere  gratuitous  assumption  of 
those  who  never  have  fairly  tried  the  experiment, 
for  I speak  from  three  years’  experience,  during 
which  time  I have  used  the  instrument  at  least 
three  times  a day,  when  I assert  that  it  requires 
less  time  to  observe,  in  a proper  manner,  with  the 
hygrometer,  than  with  the  barometer.  To  this  we 
may  also  add,  setting  aside  the  uncertainty  of  the 
calculations,  the  time  which  is  required  to  reduce 
the  observations  of  the  other  instruments  formu- 
laic processes  to  the  dew-point,  which  must  be 
performed  before  they  can  be  applicable  to  any 
accurate  purpose ; a point  at  which  we  arrive  at 
once  with  perfect  precision  by  mere  inspection. 

The  Editors  of  the  Bibliotheque  Ujiiverselle,  of 
Geneva,  in  their  number  for  March,  1820,  have 
given  an  account  of  my  invention,  and  have  detailed 
their  reasons  for  preferring  the  hygrometer  of  their 
illustrious  countryman  De  Saussure.  In  replying 
to  their  observations,  I shall,  it  is  to  be  presumed, 
answer  the  strongest  statement  that  can  be  made  in 
favour  of  hygroscopic  substances.  ^ 
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In  the  first  place,  however,  I am  proud  to  record 
so  strong  a testimony  to  the  accuracy,  of  the  combi- 
nation as  the  following : — “ On  peut  ne  pas  adopter 
toutes  les  theories  de  I’auteur^  ni  partager  sa  predi- 
lection pour  Tappareil  qui  fait  Fobjet  principal  de 
son  memoire  ; mais  07i  ne  peut  disconvenir  que  cet 
appareilf  tel  qu'il  est  construit  par  M.  Newman, 
fonctlonjie  admirablement"'  The  learned  editors  will 
pardon  me,  if  I endeavour,  by  removing  their  ob- 
jections, or  rather  their  predilections,  to  make  them 
absolutely  partake  of  my  preference  for  the  instru- 
ment. 

II  est  a presumer,”  say  they,  “ que  Fauteur  ne 
faisant  mention  nulle  part  dans  son  memoire  de 
I’hygrometre  a cheveu,  du  feu  De  Saussure,  n’en 
avait  aucune  connoissance  ; fait  assez  etrange,  vu  la 
reputation  qu’a  acquise  et  que  m^rite  a fort  juste 
titre  cet  instrument  pour  toutes  les  recherches  deli- 
cates.  II  est  pour  le  moins  aussi  sensible  que 
celui  de  Fauteur  ; et  pour  la  commodite  du'  trans- 
port et  de  I’usage  soit  a Fair  Fibre,  soit  en  vases  clos, 
I’hygrometre  a cheveu  I’emporte  beaucoup.  II  faut 
toujours  faire  une  experience  avec  celui  de  Fauteur 
lorsquon  veut  connoitre  Fetat  hygrometrique  de 
Fair ; il  faut  une  provision  d’ether,  etc.  Avec  celui 
deDe  Saussure,  au  contraire,  il  suffit  de  le  regarder ; 
eii  observant  aussi  le  thermom^tre  dont  les  indica- 
tions doivent  toujours  marcher  pareillement  a celles 
de  Fhygrom^tre,  ainsi  que  Fa  prescrit  soigneuse- 
merit  Fauteur  dans  son  Essai  sur  VHpgrornetrie, 
Fun  des  fruits  les  plus  remarquables  de  sa  sagacite 
et  de  son  g6nie.” 
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It  would,  indeed,  have  been  strange,  had  the 
presumption  been  correct,  that  I was  totally  unac- 
quainted with  the  instrument  invented  by  that  inde- 
fatigable philosopher.  Long  have  I been  an  humble 
admirer  of  his  sagacity  and  genius,  and  to  no  work 
have  I been  more  indebted  for  useful  instruction  on 
the  subject  of  which  it  treats,  than  to  the  Essay 
above  referred  to.  My  reason  for  not  making 
mention  of  the  hair-hygrometer  of  De  Saussure, 
was,  as  I have  before  stated,  the  conviction  on 
my  mind  of  the  general  admission  of  the  inadequacy 
of  any  application  of  organic  substances  to  the 
required  accuracy  of  the  purpose.  I had  selected 
one,  as  the  best  contrivance  of  this  nature,  to  eluci- 
date this  point  by  contemporaneous  observations 
with  my  own  instrument ; and  the  editors  of  the 
Bibliotheque  Universelle,  themselves,  in  recording 
my  opinion,  “ on  verra  combien  ses  indications  sont 
vagues  et  peu  concluantes,’*  add,  “ nous  ne  sommes 
pas  tr^s  eloign^s  de  cette  opinion.”  Now,  I must 
own,  that  I am  quite  at  a loss  to  conceive  any  ob- 
jection that  can  apply  to  llie  whalebone,  that  does 
not  equally  affect  the  hair  as  an  accurate  measure 
of  vapour.  But  I shall  prefer  supporting  this  con- 
clusion by  the  authority  of  others,  rather  than 
by  any  arguments  of  my  own;  especially,  as  I 
think,  that  I can  produce  authority,  which  the  can- 
dour of  the  editors  themselves  will  allow  to  be 
conclusive. 

And  let  us  hear  the  Bibliotheque  U^merselle  itself 
upon  this  very  subject.  - First,  as  to  the  proper 
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construction  of  the  instrument. — II  en  est  peu 
qui  exigent  autant  que  I’hygromtoe  de  Tadresse  et 
des  connoissances  dans  I’artiste  qui  Tentrepend ; 
il  devroit  etre  physicien,  mecanicien  de  tete  et  de 
main,  et  meme  un  peu  chimiste.  La  facilite  de  se 
procurer  la  substance  hygrometrique  qui  fait  Tame 
de  I’instrument  a tourne  a piege : on  a cru  que  par- 
tout  ou  Ton  pouvoit  se  procurer  des  cheveux  oh 
fabriqueroit  aisement  les  hygrometres  ; a la  bonne 
heure,  s’il  s’agit  d’hygrometres  quelconques  ; mais 
on  n’en  obtient  de  r^guliers^  comparables,  durables, 
que  de  la  main  d’un  artiste  experiments.”  Next, 
as  to  its  permanency  and  the  consequent  reliance 
that  may  be  placed  upon  its  indications.  “ Dans 
ceux  qui  ont  longtems  Sprouve  les  inclemences 
de  Pair,  le  cheveu  acquiert  un  plus  grande  sus- 
ceptibilitS  d'extension,  et  pour  conserver  a Tinstru- 
ment  une  marche  bien  uniforme  il  seroit  a-propos 
de  changer  le  cheveu  tous  les  deux  ans.” — Bib. 
Unw.  Avril,  1819. 

Baron  de  Humboldt,  the  celebrated  philosopher 
and  traveller,  who  is  equally  distinguished  by  his 
accuracy  of  observation,  and  by  his  philosophic  gene- 
ralizations, and  who  has  had  opportunities  of  making 
observations  upon  this  subject  which  no  other  per- 
son ever  yet  enjoyed,  and  no  other  ever  was  more 
competent  to  appreciate,  thus  speaks  of  hygrometers 
in  general,  and  of  De  Saussure’s  and  De  Luc’s  in 
particular 

“We  know,  by  very  accurate  experiments,  the 

* De  Humboldt’s  Travels,  translated  by  Helen  Maria  Wil- 
liams. Vol,  ii.  p.  84,  et  seq. 
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capacities  of  saturation  of  the  air  at  different  de- 
grees of  the  thermometer  ; but  the  relations  which 
exist  between  the  progressive  lengthening  of  a hy- 
groscopical  body,  and  the  quantities  of  vapour  con- 
tained in  a given  space,  have  not  been  appreciated 
with  the  same  degree  of  certainty.  These  con- 
siderations have  induced  me  to  publish  the  indi- 
cations of  the  hair  and  whalebone  hygrometers 
just  as  they  were  observed,  marking  the  degree 
shown  by  the  thermometers  connected  with  these 
two  instruments. 

“ As  the  fiftieth  degree  of  the  whalebone  hygro- 
meter corresponds  to  the  eighty-sixth  degree  of  the 
hair  hygrometer,  I made  use  of  the  first  at  sea  and 
in  the  plains,  while  the  second  was  generally  re- 
served for  the  dry  air  of  the  Cordilleras.  The  hair, 
below  the  sixty-fifth  degree  of  Saussure’s  instrument, 
indicates,  by  great  variations,  the  smallest  changes  of 
dryness,  and  has,  besides,  the  advantage  of  putting 
itself  more  rapidly  into  a state  of  equilibrium  with 
the  ambient  air.  De  Luc’s  hygrometer  acts,  on  the 
contrary,  with  extreme  slowness ; and  on  the  summit 
of  mountains,  as  I have  often  experienced  to  my 
great  regret,  we  are  often  uncertain  whether  we 
have  not  ceased  our  observations  before  the  instru- 
ment had  ceased  its  movement.  On  the  other  hand, 
this  hygrometer,  furnished  with  a spring,  has  the 
advantages  of  being  strong,  marking  with  great 
exactness,  in  very  moist  air,  the  least  increment  of 
the  quantity  of  vapour  in  solution,  and  acting  in  all 
positions  ; while  Saussure’s  hygrometer  must  be 
suspended,  and  is  often  deranged  by  the  wind, 
which  raises  the  counterpoise  of  the  index,  I havQ 
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thought  that  it  might  prove  useful  to  travellers  to 
mention  in  this  place  the  results  of  an  experience  of 
several  years.’’  “ Notwithstanding  th&  doubts  which 
have  been  raised  in  these  latter  times  respecting  the 
accuracy  with  which  hair  or  whalebone  hygrometers 
indicate  the  quantity  of  vapours  mingled  in  the  atmos- 
pheric air  ; it  must  be  admitted,  that  even  in  the 
present  state  of  our  knowledge,  these  instruments 
are  highly  interesting  to  a naturalist,  who  can 
transport  them  from  the  temperate  to  the  torrid 
zone,  from  the  northern  to  the  southern  hemisphere, 
from  the  low  regions  of  the  air  which  rests  on  the 
sea,  to  the  snowy  tops  of  the  Cordilleras.” 

“ I have  never  been  able  to  reduce  the  hair  or 
whalebone  to  the  degree  of  extreme  siccity  for 
want  of  a portable  apparatus,  which  I regret  not 
having  made  before  my  departure.  I advise  tra- 
vellers to  provide  themselves  with  a narrow  jar 
containing  caustic  potash,  quick-lime,  or  muriate  of 
lime,  and  closed  with  a screw,  by  a plate  on  which 
the  hygrometer  may  be  fixed.  This  small  appa- 
ratus would  be  of  easy  conveyance,  if  care  were 
taken  to  keep  it  always  in  a perpendicular  position. 
As,  under  the  tropics,  Saussure’s  hygrometer  gene- 
rally keeps  above  83°,  a frequent  verification  of  the 
single  point  of  humidity  is  most  commonly  suffi- 
cient to  give  confidence  to  the  observer.  Be- 
sides, in  order  to  know  on  which  side  the  error 
lies,  we  should  remember  that  old  hygrometers,  if 
not  corrected,  have  a tendency  to  indicate  too  great 
dryness.” 

Mr.  Leslie,  in  his  Essay  upon  the  relations  of  air 
to  heat  and  moisture^  makes  the  following  remarks 
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Upon  the  same  subject.  “ But  these  substances 
(viz.,  hygroscopic  substances),  especially  the  harder 
kinds  of  them,  unless  they  be  extremely  thin,  receive 
their  impressions  very  slowly,  and  hence  they  can- 
not mark  with  any  precision  the  fleeting  and  momen- 
tary state  of  the  ambient  medium.”  “ The  expan- 
sion of  the  thin  cross-sections  of  box,  or  other  hard 
wood,  the  elongation  of  the  human  hair,  or  a slice 
of  whale-bone,  and  the  untwisting  of  the  wild-oat, 
of  cat-gut,  of  a cord  or  linen  thread,  and  of  a species 
of  grass  brought  from  India,  have,  at  different  times, 
being  used  with  various  success.  But  the  instru- 
ments so  formed  are  either  extremely  dull  in  their 
motions,  or,  if  they  acquire  greater  sensibility  from 
the  attenuation  of  their  substance,  they  are  like- 
wise, rendered  the  more  subject  to  accidental  injury 
and  derangement,  and  all  of  them  appear  to  lose,  in 
time,  insensibly,  their  tone  and  proper  action.” 

But  it  is  to  the  Essay  of  M.  de  Saussure  himself, 
that  I appeal  with  the  most  confidence,  for  the  con- 
firmation of  this  opinion.  It  is  replete  with  acknow- 
ledgments of  the  obvious  defects  of  instruments 
constructed  upon  this  principle ; defects  which  it 
was  impossible  that  a mind  like  his  could  overlook 
or  attempt  to  conceal:  and  it  proves  fully  that  his 
sagacity  and  genius  were  tasked  to  the  utmost,  to 
diminish  the  sources  of  uncertainty  which  it  was 
out  of  his  power  wholly  to  remove.  Any  person, 
who  had  not  seen  the  minute  instructions  given  by 
this  able  philosopher  for  the  construction  of  his 
hygrometer,  would  be  surprised  at  the  nicety  re- 
quired in  its  adjustment.  The  mere  preparation  of 
the  hair  is  a process  of  great  delicacy  and  uncer- 
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tainty.  It  is  previously  exposed  to  an  alkaline 
lixivium,  upon  the  due  strength  and  regulated  ap- 
plication of  which  depends  its  most  valuable  pro- 
perties ; and-  hairs  which  have  been  unequally  ex- 
posed to  this  action  are  no  longer  fit  for  compari- 
son with  one  another.  ‘‘  Les  cheveux  n’ont  une 
marche  parall^le  que  quand  ils  sont  egalement  les- 
sives.”  So  that  it  would  be  impossible  for  an 
artist  in  London,  although  he  were  ‘‘  'physicien,  me- 
canicitn  de  tete  et  de  main,  et  mime  un  peu  chimiste,” 
with  the  most  scrupulous  attention  to  the  directions 
contained  in  this  Essay,  to  construct  an  instrument 
which  should  range  with  one  made  in  Geneva, 
unless  he  had  the  means  of  actual  comparison. 

But  after  all  the  care  which  the  ingenuity  of  such 
a philosopher  could  devise  (and  none  but  such  a 
philosopher  could  be  competent  to  take  such  pre- 
cautions), thus  guardedly  and  candidly  does  the 
inventor  speak  of  the  best  instruments.  Quant  a 
la  comparability  des  hygrom^tres  construits  avec 
cette  substance  je  puis  dire  que  deux  ou  plusieurs 
de  ces  instruments,  faits  avec  des  cheveux  sem- 
blablement  prepares,  gradues  sur  les  m^mes  prin- 
cipes,et  exposes  ensuite  aux  memes  variations  d’hu- 
midite  et  du  s^cheresse,  ont  des  marches  que  Von 
pent  nommer  parall^les.  Je  ne  dirai  cependant  pas 
qu’ils  indiquent  toujours  tons  le  m^me  degr^,  mais 
que  leurs  hearts  vont  rarement  audela  de  deux 
degres.  Si  apres  que  deux  hygrometres  auront 
s^journes,  pendant  long-temps  dans  un  air  tres  sec, 
par  exemple,  au  quarantieme  degr^  de  ma  division, 
on  en  porte  un  dans  un  air  encore  plus  sec,  qui  le 
fasse  venir,  je  suppose,  a trente,  et  que  pendant  ce 
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temps-la,  I’autre  ait  ei6  port6  dans  un  air  un  peu 
moins  sec,  par  exemple  d cinquante  degr^s  ; qu’en- 
suite  on  les  replace  tons  les  deux  dans  Pair  ou  ils 
6toient  d’abord,  ils  n&  remendront  ni  Vun  ni  I'autre  a 
quarante  ; celui  qui  vient  de  Pair  le  moins  sec  res- 
tera  a quarante-deux  ou  quarante-trois ; et  celui 
qui  vient  de  Pair  le  plus  sec  ne  montera  qu’a  trente- 
sept  ou  trente-huit.”  “ Get  Hygrom^tre  a Pincon- 
v^nient  de  ne  pas  revenir  bien  exactement  au  m^me 
point  lorsqu’on  Pagite  un  peu  fortement,  ou  qu’on  le 
transporte  d’un  lieu  dans  un  autre,  parceque  le 
poids  de  trois  grains  qui  tient  la  lame  d’argent 
tendue,  ne  pent  pas  la  ployer  assez  exactement 
pour  la  forcer  k se  coller  toujours  avec  la  m^me 
precision  contre  Parbre  autour  du  quel  elle  se 
roule  : or  on  ne  pent  pas  augmenter  sensiblement 
le  poids  sans  des  inconv6niens  plus  grands  encore. 
D’ailleurs  si  le  cheveu  est  trop  long,  le  vent,  lors- 
qu’on  observe  en  plein  air,  a trop  de  prise  sur 
lui;  et  communique  ainsi  a Paiguille  des  oscillations 
incommodes.” 

The  relation  of  the  degrees  of  this  hygrometer,  to 
the  actual  quantity  of  vapour  in  the  air,  is  moreover 
very  far  from  having  been  determined  ; “ C’est  ce 
que  j’ai  tent6  de  faire,”  says  the  inventor,  “ pour 
mon  hygrometre  ; mais  on  verra  que  ce  travail  dif- 
ficile est  encore  bien  loin  de  sa  perfection.” 

When  we  add  to  these  admissions  the  disturbing 
influence  of  heat,  which  is  so  great,  that  the  mere 
approach  of  the  hand  causes  a sensible  movement 
towards  dryness ; the  adhesion  of  dust  and  spiders’- 
webs  ; the  choakingof  the  pivot  of  the  wheel;  and 
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the  possibility  of  friction  from  the  index ; we  shall 
have  some  notion  of  the  sources  of  error  in  this 
instrument,  which  the  great  philosopher,  its  in- 
ventor, himself,  has  pointed  out  and  laboured  to 
modify. 

It  is  thus  that  I reply,  or  rather  it  is  thus  that 
universal  experience  replies,  to  the  ‘‘pour  le  moins 
aussi  sensible,”  of  the  editors  of  the  Bibliothique 
Universelle.  As  to  the  “ Commodity  du  transport 
et  de  Tusage,”  I must  remark,  that  the  whole  of  the 
new  apparatus  packs  in  a box,  which  may  very 
conveniently  be  carried  in  the  pocket;  and  al- 
though each  observation  with  it  may,  in  strict- 
ness, be  called  an  experiment,  yet  that  infinitely 
less  time  is  required  to  make  this  experiment, 
than  would  be  necessary  to  assure  an  observer, 
with  either  the  hair  or  whale-bone  hygrometer,  that 

the  instrument  had  ceased  its  movement.”  The 
inconvenience  of  carrying  a supply  of  ether,  may,  I 
think,  fairly  be  set  against  that  of  an  apparatus  for 
rectifying  the  instruments  described  by  De  Hum- 
boldt, and  which  he  considers  necessary  to  give  con- 
fidence in  their  indications. 

But  upon  this  point  I shall  avail  myself  of  di- 
rect evidence  of  the  most  unexceptionable  nature. 

Mr.  Caldcleugh,  in  his  “ Observations  in  Brazil, 
and  on  the  Equator,”  (Jour,  Royal  InsL  vol.  xiv. 
p.  46,)  remarks,  “ When  I commenced  using  the 
instrument,  I was  almost  afraid  to  touch  it,  from  its 
apparent  delicacy,  but  was  soon  convinced,  from  the 
many  rude  shocks  it  underwent,  that  it  was  stronger 
than  I had  imagined ; more  than  common  careless- 
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ness,  indeed,  is  required  to  break  it.  I may  be 
permitted  to  add,  that  I think  no  traveller  will  find 
any  inconvenience  from  carrying  this  hygrometer  or 
its  accompaniment,  a small  stock  of  ether ; the  latter 
I usually  placed  among  my  linen.” 

Captain  Sabine,  also,  after  twelve  months’  ex- 
perience between  the  tropics,  during  which  time  he 
daily  made  numerous  observations,  thus  bears  tes- 
timony to  the  same  fact : 

“ I have  great  pleasure  in  remarking,  that  I 
found  much-  less  difficulty  than  I had  anticipated  in 
getting  corresponding  observations  made  with  the 
hygrometer,  on  the  correctness  of  which  I could 
depend ; the  ingenuity  in  the  principle  of  this  in- 
strument, and  the  simplicity  of  its  application,  to- 
gether with  the  decisive  nature  of  the  results  which 
it  gives,  independent  of  the  labour,  and,  at  best,  the 
uncertainty  of  formulaic  deduction,  form  its  great 
advantage  over  the  methods  by  evaporation,  or  the 
indications  of  hygroscopic  substances : these  par- 
ticulars excite  an  interest  in  its  trial,  in  persons  to 
whom  it  was  previously  unknown,  which  is  pro- 
bably the  reason  that  the  distrust,  which  is  almost 
always  in  the  first  instance  expressed,  of  precision 
in  the  observation  itself,  is  found  to  give  way  in 
practice  so  much  sooner  than  might  be  supposed.  It 
may  be  useful,  also,  to  travellers  in  warm  climates, 
to  add  a remark  from  my  own  experience,  that  in 
ascending  elevations,,  or  in  journeying  inland  over 
rough  roads,  the  ether  carries  perfectly  well  in  a 
bottle  in  the  waistcoat-pocket  with  a common  cork 
capped  with  leather;  and  that  the  expenditure  of 
ether  altogether  will  probably  fall  much  short  of 
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the  estimate,  as,  with  ordinary  care,  very  little  will 
be  wasted.”  {Journal  Royal  Inst.  vol.  15,  p.  71.) 

The  quantity  of  ether  expended  by  Captain  Sa- 
bine during  the  year,  fell  something  short  of  a 
pint. 

The  instrument,  which  I have  presumed  so 
strongly  to  recommend,  shall  be  still  further  judged 
by  the  very  competent  authority  to  which  I have 
been  referred.  M.  de  Saussure  sums  up,  in  his 
Essay,  the  qualities  which  a perfect  hygrometer 
ought  to  possess  ; allowing,  candidly,  that  his  own 
falls  very  short  of  the  perfection  which  he  proposes. 
All  I would  ask  is,  if  the  one  which  I have  invented 
fulfil  all  the  conditions  laid  down  as  follows,  that 
for  the  good  of  science  it  may  be  adopted  as  a 
standard  by  experimental  philosophers. 

“ Un  hygrom^tre  seroit  parfait : premierement 
si  les  variations  fetoient  assez  etendues  pour  rendre 
sensibles  les  plus  petites  differences  d’humidite,  et 
de  secheresse. 

2.  ‘‘  Si  elles  6toient  assez  promptes  pour  suivre 
pas-a-pas  toutes  celles  de  fair,  et  pour  indiquer 
toujours  exactement  son  etat  actuel. 

3.  “ Si  rinstrument  6toit  toujours  d’accord  avec 
lui-m^me,  c’est-a-dire,  qu’au  retour  du  meme  dtat  de 
fair  il  se  retrouv^t  toujours  au  m^me  degre. 

4.  “ S’il  ^toit  comparable,  c’est4-dire,  si  plusieurs 
hygrom^tres  construits  s6par6ment  sur  les  m^mes 
principes  indiquoient  toujours  le  meme  degre  dans 
les  memes  circonstances. 

5.  “ S’il  n’etoit  affecte  que  par  I’humidite  ou  la 
secheresse  proprement  dites. 

6.  “ En-fin  si  ces  memes  variations  etoient  pro- 
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portionnelles  k celles  de  I’air,  en-sorte  que  dans  des 
circonstances  pareilles,  un  nombre  double  ou  triple 
de  degres  indiquat  constamment  un  quantite  double 
ou  triple  de  vapeurs.” 

But  there  is  yet  another  method  of  estimating  the 
quantity  of  moisture  at  any  time  existing  in  the  air, 
with  which  my  own  has  been  brought  into  compa- 
rison, and  which  is  not  liable  to  the  same  class  of 
objections  as  those  which  we  have  been  just  consi- 
dering ; I mean  that  of  a comparison  between  the 
temperatures  of  a moist  and  a dry  thermometer. 
Dr.  Hutton  was  the  first  who  conceived  the  idea  of 
applying  such  an  observation  to  the  purposes  of 
hygrometry.  ‘‘  I used  to  amuse  myself,”  says  he, 
“ in  walking  in  the  fields,  by  observing  the  tempe- 
rature of  the  air  with  the  thermometer,  and  trying 
its  dryness  by  the  evaporation  of  water.  The  me- 
thod I pursued  was  this  : I had  a thermometer  in- 
cluded within  a glass  tube,  hermetically  sealed: 
this  I held  in  a proper  situation  until  it  acquired  the 
temperature  of  the  atmosphere,  and  then  I dipped  it 
into  a little  water,  also  cooled  to  the  same  tempera- 
ture. I then  exposed  my  thermometer,  with  its 
glass-case  thus  wetted,  to  the  evaporation  of  the 
atmosphere,  by  holding  the  ball  of  the  thermometer, 
or  end  of  the  tube  in  which  the  ball  was  included, 
towards  the  current  of  the  air ; I examined  how 
much  the  evaporation  from  that  glass  tube  cooled  the 
ball  of  the  thermometer  which  was  included.” 

Now  this  simple  observation,  it  is  probable,  may 
furnish  the  necessary  data  for  solving  the  problem 
in  all  its  particulars : but  if  it  do,  it  is  by  means  of 
abstruse  calculations,  and  many  delicate  corrections, 
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upon  the  nature  of  which  philosophers  are  by  no 
means  agreed, 

Mr.  Leslie  has  founded  upon  it  an  instrument, 
upon  which  he  has  expended  much  ingenuity  and 
research : it  consists  of  an  air-thermometer,  one  of 
the  balls  of  which  is  covered  with  muslin,  and  kept 
moist;  but,  in  departing  from  the  simplicity  of  the 
original  experiment,  he  has  multiplied  the  sources  of 
error,  both  in  construction  and  observation.  He  has, 
moreover,  substituted  an  arbitrary  scale  for  that  of 
the  common  thermometer ; and  his  hygrometer  pos- 
sesses a deceptive  sensibility,  which  is  liable  to  be 
affected  by  more  causes  than  those  which  can  be 
taken  into  account. 

The  observation,  however,  in  its  most  simple  and 
unexceptionable  form,  is  by  no  means  so  easy  to 
make  with  accuracy,  as  might,  at  first  sight,  appear. 
It  is  almost  impossible  to  take  the  heat  of  the  air  to 
any  degree  of  nicety,  without  the  observation  being 
affected  by  the  power  of  radiation ; and,  if  radiant 
caloric  be  allowed  to  interfere,  the  conditions  of  the 
calculation  fail.  The  temperature  of  evaporation  is 
no  longer  that  constant  quantity  which  it  is  supposed 
to  be,  if  dependant  only  upon  the  temperature  of 
air,  and  is  liable  to  fluctuations  with  every  change 
of  place,  and  every  breath  of  wind.  The  density  of 
air  must  be  also  taken  into  the  account,  and  it  is  al- 
lowed that  the  cold  produced  by  evaporation  from 
the  moistened  bulb  of  a therniometer,  must  depend, 
in  some  measure,  upon  the  height  of  the  barometer. 

It  would  be  foreign  to  my  purpose  here  to  enter 
into  the  theory  of  the  experiment,  which  would  itself 
be  a work  of  much  length : it  is  sufficient  to  observe 
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that  such  men  as  Mr.  Leslie^,  Mr.  Anderson f,  Mr. 
Ivory  and  M.  Gay-Lussac  §,  after  having  bestowed 
immense  labour  upon  the  subject,  all  differ  from  one 
another  most  essentially  in  their  formulae,  correc- 
tions, and  final  results;  and  the  hygrometer  by 
evaporation,  has  not  been  able  to  save  Mr.  Leslie 
from  the  conclusion  that  hydrogen  gas  ‘‘  must,  in 
similar  circumstances,  hold  in  solution  seven  times 
as  much  moisture  as  the  atmospheric  medium ; ” or 
Mr.  Colebrooke  ll,from  the  probable  error  of  placing 
the  dew-point  on  the  coast  of  Africa,  below  0°  of 
Fahrenheit’s  scale.  I cannot  better  dismiss  the 
subject  than  in  the  words  of  M.  Gay-Lussac,— 

“ En  general  on  pent  parvenir  a connaitre  I’etat 
hygrometrique  de  fair,  d’apr^s  le  froid  produit  par 
r evaporation;  mais  comme  ce  froid  est  variable  avec 
la  pression  de  fair,  sa  temperature,  son  degre  d’hu- 
midite,  il  faudrait  des  tables  tr^s-etendues  pour  le 
determiner  avec  exactitude.  J’avais  voulu  entre- 
prendre  ce  travail,  en  repetant  mes  experiences  sur 
le  froid  produit  par  I’^vaporation,  et  en  faisant  de 
nouvelles;  mais  j’ai  ete  rebute  par  sa  longueur,  et 
le  defaut  de  donnees  suffisamment  exactes,  et  sur- 
tout  par  la  consideration  que  I’ingenieuse  procede  de 
LeRoy  etait  susceptible  d’une  application  plus  facile 
et  que,  dans  I’etat  actuel  de  la  Physique,  il  etoit  de 
beaucoup  preferable.”— de  Chim.  tom.  21  , p.  91. 

* Supp.  Ency.  Brit.,  Art.  Meteorology, 
t Edin.  Ency.,  Art.  Hygrometry. 

I Phil.  Mag.,  vol.  lx.,  p.  81. 

§ Ann.  de  Chiinie,  tom.  xxi.,  p.  82. 

jl  Journal  of  the  Royal  Institution,  vol.  xxvii,  p.  Ii5etscq. 
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The  observations  of  the  hygrometer  with  which  I 
have  been  chiefly  engaged,  relate  principally  to  me- 
teorology ; and  I conceive  that  it  will  be  better  to 
reserve  such  remarks  as  I have  to  make  upon  them 
for  another  Essay,  than  to  enter  upon  their  discus- 
sion in  this  place.  I shall,  therefore,  conclude  this 
paper  by  detailing  a few  experiments  only,  which 
may  either  throw  some  light  upon  the  action  of  the 
instrument,  or  may  tend  to  facilitate  its  use. 

Exp.  1. — With  the  thermometer  at  60°,  I found 
the  point  of  condensation  to  be  50°:  I then  took  a 
receiver,  fitted  with  a hygrometer,  and  ground  to  the 
plate  of  an  air-pump,  whose  capacity  was  fifty-six 
cubic  inches.  The  condensation  was  produced 
very  visibly  under  the  glass  at  the  same  tempe- 
rature. Now  the  quantity  of  vapour  in  a cubic 
foot  of  air,  under  the  above  conditions,  was  only 
4.445  grains;  therefore  the  quantity  actually  in- 
cluded in  the  receiver,  could  only  be  0.144  grains; 
which  will  serve  to  prove  the  extreme  delicacy  of 
the  instrument,  as  it  distinctly  indicated  so  small 
a quantity.  The  receiver  was  then,  without  chang- 
ing its  contents,  slid  over  a vessel  containing  water. 
In  an  hour  and  a half,  the  external  temperature  re- 
maining the  same,  the  precipitation  took  place  at 
57®.  At  the  expiration  of  another  hour  and  a half, 
the  affusion  of  ether  upon  the  exterior  ball,  caused 
instantaneous  condensation  upon  the  interior  one, 
shewing  that  saturation,  at  the  existing  tempe- 
rature, had  taken  place.  The  bell-glass  was  now 
slid  from  the  water,  and  placed  over  a glass  con- 
taining a few  drops  of  sulphuric  acid.  After  re- 
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maining  a quarter  of  an  hour  in  this  situation,  a 
depression  of  temperature  of  30®  produced  no  mist 
upon  the  instrument. 

Exp.  2. — ^The  receiver  was  placed  upon  the 
plate  of  the  air-pump  with  somb  water  under  it; 
the  air  was  then  exhausted  as  perfectly  as  possible. 
The  barometer  stoodat  29.79  inches,  the  thermometer 
at  62®;  the  gauge  of  the  pump  at  29.20;  to  the 
latter  should  be  added  the  pressure  of  the  included 
vapour  at  62°=.  59  inch,  which  would  make 
the  gauge  and  the  barometer  exactly  correspond. 
When  ether  was  dropped  upon  the  exterior  ball, 
precipitation  was  instantaneous.  Air  was  now  ad- 
mitted gradually,  till  the  gauge  fell  to  14  inches: 
the  point  of  condensation  was  not  altered,  neither 
was  it  affected  by  restoring  the  equilibrium  com- 
pletely. 

Exp.  3. — ^Temperature  64°;  point  of  conden- 
sation 61°.  The  air  in  the  receiver  was  rarefied 
till  a copious  cloud  was  formed;  the  gauge  then 
stood  at  8.1  inches,  and  the  point  of  condensation 
had  fallen  to  54°.  When  the  glass  had  risen  to 
60°,  the  air  was  suddenly  restored,  and  a copious 
dew  was  formed  upon  it;  the  exhaustion  was  next 
carried  on,  till  the  cloud  which  was  formed  had 
totally  disappeared,  and  the  gauge  stood  at  24.2 
inches.  No  precipitation  took  place  at  a tempe- 
rature of  34°;  the  air  was  gradually  re-admitted, 
and  the  deposition  took  place  with  the  hygrometer 
at  36°,  and  the  gauge  at  15  inches. 

Exp.  4. — The  receiver  was  filled  with  oxygen  in 
contact  with  water,  and  afterwards  with  hydrogen; 
but  the  point  of  condensation  was  the  same  as 


204 


CONSTRUCTION  AND  USES  OB' 


when  filled  with  common  air,  under  the  same'  cir- 
cumstances. This,  with  Experiment  2,  fully  co- 
incide with  Mr.  Dalton’s  view  of  the  theory  of 
mixed  elastic  fluids,  and  prove,  indeed,  that  the 
gases  are  as  mcua  with  regard  to  vapour ; and  that, 
where  they  happen  to  be  mixed  together,  they 
exist  as  independent  atmospheres. 

Exp.  5. — Having  absorbed  all  the  vapour  con- 
tained in  the  receiver  by  means  of  sulphuric  acid,  I 
placed  it  over  some  spirits  of  wine ; after  remain- 
ing some  time  in  this  situation,  a few  drops  of 
ether  upon  the  hygrometer  produced  an  instant 
precipitation.  The  experiment  was  also  made 
with  ether,  in  the  place  of  the  spirits  of  wine,  with 
the  same  results. 

Exp.  6. — The  temperature  of  a room  being  45®, 
I found  the  point  of  condensation  in  it  to  be  39®. 
A fire  was  lighted  in  it,  the  door  and  windows 
carefully  shut,  and  no  one  was  allowed  to  enter: 
the  thermometer  rose  to  55°,  but  the  point  of  con- 
densation remained  the  same.  A party  of  eight 
persons  afterwards  occupied  the  room  for  several 
hours,  and  the  fire  was  kept  up:  the  temperature 
increased  to  58°,  and  the  point  of  condensation  rose 
to  52°. 

I must  now  refer  to  the  subjoined  journals  for 
further  exemplifications  of  the  application  of  the 
hygrometer,  and  to  the  Essays  upon  the  Constitution 
of  the  Atmosphere,  and  upon  the  Climate  of  London, 
for  such  general  theoretical  conclusions  as  I have 
thought  myself  entitled  to  draw  from  my  own  ex- 
tended observations,  and  the  kindly-communicated 
observations  of  my  friends. 
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Whatever  opinion  may  be  formed  of  my  rea- 
soning upon  these  subjects,  let  the  hygrometer  be 
judged  upon  its  own  merits  alone;  and  if  it 
shall  be  found  to  be  liable  to  no  errors  of  con- 
struction, and  no  deterioration,  from  use  or  age ; 
if  its  indications  shall  prove  to  be  infallible,  and 
strictly  comparable,  under  all  circumstances ; and 
if,  moreover,  it  be  easy  to  observe,  and  its  obser- 
vations applicable  without  the  trouble  and  uncer- 
tainty of  formulaic  calculations,  I shall  still  hope, 
that,  for  the  good  of  science,  it  may  be  generally 
adopted. 


,nf  'li 
Moni  .Ji 
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AN  ESSAY 


UPON  THE 

RADIATION  OF  HEAT  IN  THE  ATMOSPHERE. 


The  radiation  of  heat  is  a subject  of  the  utmost 
interest  and  importance,  and  the  difficulties  which 
surround  it  have  exercised  the  ingenuity  and  indus- 
try of  some  of  the  greatest  philosophers  of  modern 
times.  Count  Rumford,  Professor  Leslie,  Sir  Hum- 
phry Davy,  Professor  Prevost,  Dr.  Delaroche,  and 
M.M.  Du  Long  and  Petit,  have  particularly  dis- 
tinguished themselves  by  their  experiments  and 
reasonings  upon  it ; and  the  latter  gentlemen,  more 
especially,  have  demonstrated  some  of  the  laws  of 
the  distribution  of  heat,  with  mathematical  pre- 
cision. 

With  regard  to  the  influence  of  this  power  upon  the 
ceconomy  of  nature,  however,  but  little  is  at  present 
known ; and  the  elegant  and  demonstrative  Essay 
of  the  late  Dr,  Wells  upon  the  formation  of  dew, 
stands  almost  alone  in  exhibiting  its  important  con- 
nexion with  the  welfare  of  the  vegetable  kingdom. 
His  successful  labours  were  directed  to  one  parti- 
cular branch  of,  what  would  appear  to  be,  a very  ex- 
tended inquiry ; for  there  can  be  little  doubt  that 
radiant  caloric  must  have  a direct  and  very  im- 
portant influence  upon  many  of  the  processes  of 
vegetation. 

It  is  with  a view  of  exciting  some  attention  to  a 
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subject  which  appears  to  me  to  be  so  well  worthy  of 
elucidation,  and  to  suggest  some  experiments,  which, 
to  render  them  beneficial,  require  much  persever- 
ance and  extensive  co-operation,  that  I venture  to 
bring  forward  some  observations  of  my  own,  which, 
I am  sensible,  are  in  a very  imperfect  state ; but  to 
which  I have  devoted  much  attention  during  the  last 
three  years.  I hesitate  the  less  to  do  so,  as  I am  en- 
abled, by  the  kindness  of  my  friend  Captain  Sabine, 
(whose  zeal  for  science  prompted  him,  amidst  the  la- 
borious operations  connected  with  more  important 
objects,  to  devote  much  of  his  leisure  time  to  the 
study  of  atmospheric  phenomena,)  to  give  them 
additional  interest,  by  combining  with  them  his 
experiments  in  tropical  climates. 

It  has  often  struck  me  with  surprise,  that,  in  the 
numerous  meteorological  registers  which  are  pub- 
lished in  different  parts  of  the  world,  no  one  has 
ever  thought  of  including  observations  upon  the  in- 
tensity of  the  solar  rays  at  different  seasons  of  the 
year,  and  in  different  situations.  It  is  well  known 
to  the  agriculturist  and  the  gardener,  that  without  the 
direct  influence  of  the  sun,  whatever  may  be  the 
temperature  of  the  air,  the  fruits  of  the  earth  seldom 
come  to  perfection’.  What,  then,  is  the  force  of  this 
important  agent  ? what  the  modifications  to  which  it 
is  subject?  and  how  is  its  energy  spent,  when 
screened  by  concrete  vapours  from  the  surface  of 
the  earth?  Does  its  influence  increase  with  the 
temperature  of  the  air  from  the  pole  to  the  equator? 
or  is  the  rapid  vegetation  of  the  arctic  regions,  dur- 
ing the  short  summer  of  those  climates,  dependant 
upon  any  compensating  energy  of  its  operation? 
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Before  I attempt  to  answer  these  questions,  I will 
propose  another,  which,  many  will  be  surprised  to 
find,  cannot  be  met  with  an  immediate  solution; 
which  is,  the  maximum  degree  of  heat  to  which 
a plant,  or  the  parts  of  a plant,  are  subjected  by 
exposure  to  a mid-day  sun  at  midsummer  in  this 
climate  ? 

Many  persons  have,  at  different  times,  exposed 
naked  thermometers  to  the  direct  light  of  the  sun, 
and  marked  their  rise ; but  such  trials  have  never 
been  persevered  in,  or  registered  with  any  exactness. 
Nor  were  the  means  employed  calculated  to  resolve 
the  problem  with  any  precision.  Few  of  the  rays 
would  impinge  directly  upon  the  bulb  of  the  instru- 
ment so  placed,  and  all,  but  the  direct  rays,  would 
be  reflected  from  it.  The  results  would  necessarily 
vary  with  size  and  shape,  and  no  two  thermometers 
would,  probably,  agree  in  their  indications. 

There  are,  no  doubt,  in  all  the  plants  of  the  vege- 
table kingdom  parts  which  are  calculated  to  absorb 
all  the  radiant  heat  which  strikes  upon  them  ; and 
therefore  it  is  desirable  to  know,  with  a reference  to 
this  Subject  alone,  the  utmost  amount  of  temperature 
which  radiant  matter  is  capable  of  producing. 

My  meteorological  register  includes  a column  for 
observations  upon  this  point.  They  are  complete 
from  November  1820,  to  the  end  of  December  1821, 
and  from  the  beginning  of  May  1822,  to  the  end  of 
August  of  the  same  year.  They  were  made  by 
means  of  a register  thermometer  of  large  range, 
having  its  bulb  covered  with  black  wool,  and  placed 
upon  a south  border  of  garden-mould,  with  a full 
exposure  to  the  sun.  The  thermometer  did  not  rest 
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Upon  the  earth,  but  was  supported  about  an  inch 
above  it.  The  arrangement  was  by  no  means  un- 
objectionable, but  the  irregularities,  to  which  it  was 
liable,  would,  it  was  hoped,  be,  in  a great  measure, 
balanced  by  the  multitude  of  the  observations.  The 
maximum  heat  of  the  sun’s  rays  during  the  day  was 
thus  measured  and  entered  in  the  journal.  The 
following  Table  presents  us  with  the  average  in- 
tensity of  the  solar  radiation  for  every  month  in  the 
year,  or  the  mean  greatest  height  of  the  black  thermo- 
meter above  the  surrounding  medium,  together  with 
the  utmost  intensity  observed  in  the  same  periods. 
The  first  column  exhibits  the  month,  the  second  the 
mean  maximum  temperature  of  the  air,  the  third  the 
average  effect,  and  the  fourth  the  maximum  energy 
of  the  sun’s  light. 


TABLE  I.  Shewing  the  mean  maximum  Temperature  of 
' the  Air^  with  the  mean  and  maodmum  Power  of  the  Sun^ 
for  every  Month  of  the  Year. 


Mean  Maxim, 
of  the 

Air. 

Mean  Maxim. 

Force  of 
Solar  Radiation 

Maximum 
Force  of 
Solar  Radiation 

January  . . . 

39.6 

4.4 

12. 

February  . . . 

42.4 

10.1 

36. 

March  .... 

50. 1 

16. 

49. 

April 

57.7 

28. 1 

47. 

May 

62.9 

30.5 

57. 

June 

69.4 

39.9 

65. 

July 

69.2 

25.8 

55. 

August  .... 

70.  1 

33.  1 

59. 

September  . . 

65.6 

32.7 

54. 

October  . . . 

55.7 

27.5 

43. 

November  . . 

47.5 

6.7 

24. 

December  . . 

43.2 

5.4 

12. 
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Hence  it  appears  that,  as  it  might  have  been  pre- 
dicted, the  power  of  solar  radiation  follows  the  course 
of  the  sun’s  declination.  The  maximum  intensity 
and  effect  occur  in  June,  while  the  greatest  mean  tem- 
perature of  the  atmosphere  does  not  take  place  till 
July.  This  arrangement,  no  doubt,  has  an  impor- 
tant influence  upon  the  processes  of  fructification  in 
the  vegetable  kingdom..  Agriculturists  are  well 
aware  of  the  advantage  of  direct  solar  heat  in  the 
flowering  of  wheat,  and  other  corn-crops ; an  ad- 
vantage which  is  never  compensated  by  any  eleva- 
tion of  temperature  under  a clouded  sky.  A table, 
similar  to  that  above  given,  founded  upon  the  ex- 
perience of  several  years,  would  furnish  a very  valu- 
able standard  of  comparison,  and  the  causes  of 
fruitful  and  unfruitful  seasons  would,  no  doubt,  be 
found  to  be  intimately  connected  with  the  particu- 
lars of  which  it  would  be  composed.  For  example, 
it  will  be  seen  in  the  register,  that  in  the  very  fruit- 
ful year  of  1822,  the  force  of  the  sun’s  radiation  in 
May  was  7°,  and  in  June  5°,  above  the  corresponding 
months  of  the  year  1821,  in  which  the  crops  of  corn 
were  universally  blighted  and  mildewed.  The  dis- 
cordances above  exhibited  would  also  be  found  to 
vanish  in  a more  extended  average,  and  a more  re- 
gular progression  would  be  elicited  from  the  balance 
of  disturbing  causes. 

I.  have  also  been  at  some  pains  to  ascertain  the 
progression  of  radiation  from  the  sun  from  its  rising 
to  the  meridian,  and  from  the  meridian  to  its  setting. 
The  following  are  the  details  of  a series  of  observa- 
tions, made  for  this  purpose  in  the  month  of  June, 
1822.  The  day  was  perfectly  calm  and  cloudless, 
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and  the  atmosphere  so  clear  that  the  disc  of  the  moon 
was  visible  throughout  the  day.  The  dew-point, 
by  the  hygrometer,  was  stationary  at  57°,  and  only 
a few  light  cirri  were  discernible  in  the  south-east 
quarter  of  the  heavens. 

TABLE  II.  Shewing  the  Progress  of  Solar  Radiation 
from  Morning  to  Evening, 


Thermometer. 

Time. 

In  Sun. 

In  Shade. 

DiflFerence. 

A.  M.  9 

93 

68 

25 

103 

69 

34 

10 

111 

70  i 

401 

m 

119 

71 

48 

11 

124 

71 1 

52| 

111 

125 

721 

521 

12 

129 

73 

56 

P.  M.  Oj 

132 

74 

. 58 

1 

141 

741 

66| 

11 
* a 

140 

75 

65 

2 

143 

75J 

671 

21 

138 

76 

62 

3 

138 

76 1 

611 

H 

132 

77 

55 

4 

124 

76 

48 

123 

77 

46 

5 

112 

76 

36 

106 

75 

31 

6 

100 

73 

27 

Means 

124| 

73i 

51i 
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The  mean  results  of  five  series  of  experiments, 
conducted  with  every  possible  precaution,  are  con- 
tained in  the  following  table,  shewing  the  power  of 
the  sun’s  radiation  from  9 J a.  m.  to  6^  p.  m.,  in  the 
month  of  June. 

TABLE  III.  Shewing  the  Progress  of  the  Solar  Radiation 
from  Morning  to  Evening  in  June,  upon  an  average  of 
five  Experiments, 


' 

Force  of 

Time. 

fSun’s  Rays. 

9j  A.M. 

32 

10} 

46 

11} 

55 

12} 

63 

1}  P.M. 

65 

63 

Si 

58 

49 

35 

n 

29 

Some  important  questions  now  present  themselves, 
which  the  present  state  of  our  knowledge  will  not,  I 
fear,  enable  us  to  answer  satisfactorily.  It  may,  how- 
ever, be  of  some  use  to  point  them  out  as  objects  of 
future  investigation.  As  the  mean  effect  of  the 
sun’s  radiation  upon  the  surface  of  the  earth  falls  so 
much  short  of  the  impression  which  it  is  capable 
of  producing,  in  what  way  is  its  energy  spent  ? Is 
it  absorbed  or  dissipated  in  mid  air?  How  is  the 
mean  temperature  affected  by  it?  How  does  it 
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modify  the  ascending  gradation  of  temperature  in 
the  atmosphere?  What  is  its  influence  upon  the 
concrete  vapour  of  the  clouds  ? Is  it  not  the  source 
of  partial  and  very  unequal  expansions  and  con- 
tractions in  the  aerial  medium  ? 

Before  I proceed  to  detail  some  experiments 
which  are  connected  (but  slightly,  I fear,)  with 
these  interesting  considerations,  I shall  avail  myself 
of  Captain  Sabine’s  kindness,  to  institute  a com- 
parison of  the  radiant  power  of  the  sun  in  difierent 
latitudes. 

The  first  series  of  experiments  to  which  I shall 
refer,  were  made  in  March,  1822,  at  Sierra  Leone. 
The  general  state  of  the  atmosphere  was  as  fol- 
lows : — 

“ The  day  commenced  as  usual,  calm  and  clear ; 
between  a quarter  and  half-past  ten  the  sea-breeze 
sprung  up  from  the  N.W.,  freshened  at  noon  from 
the  W.N.W.,  accompanied  by  a difiused  haze.  At 
one,  P.M.,  cleared,  the  wind  still  freshening.  At  two, 
some  very  light  clouds  in  the  zenith,  which  clearing 
away  before  three,  it  became  hot  and  oppressive  in 
the  sun,  the  sea-breeze  gradually  declining  towards 
evening,  and  the  land-wind  setting  in  at  half-past 
nine.” 

Observations  were  made  with  the  thermometers 
now  described. 

“ No.  I.  The  mean  of  two  thermometers,  one  with 
a silvered,  the  other  with  a blackened  bulb,  (dif- 
fering never  more  than  two  or  three  tenths  of  a 
degree),  freely  suspended  in  the  thorough  draft  in  a 
store-house  with  open  doors  and  windows  every 
way,  and  with  a veranda  around  open  at  the  sides. 
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“ No.  II.  A thermometer  with  a blackened  bulb, 
suspended  freely  between  the  pillars  of  a transit 
instrument  (the  instrument  itself  being  removed), 
about  one  and  a half  feet  above  the  earthen  para- 
pet of  the  fort,  and  several  feet  above  the  general 
level  of  the  ground,  in  a fair  exposure  to  the  sun 
and  wind. 

‘‘  No.  III.  A similar  thermometer  to  the  pre- 
ceding in  the  same  exposure,  but  in  vacuo  in  a glass 
case. 

“ No.  IV.  A thermometer  in  the  same  glass 
case  with  die  preceding,  but  having  its  bulb  en- 
closed in  a double  case  of  polished  silver,  not  in 
contact  witi  the  glass  or  bulb. 

“ No.  V.  A differential  thermometer  in  vacuo ; 
the  sentient  ball  coloured  dark,  and  the  other  en- 
closed in  a double  case  of  polished  silver.  The 
graduation  of  this  instrument  was  on  the  mil- 
lesimal scale ; ^.  e.,  the  interval  between  the  boiling 
and  freezing  of  water,  divided  into  1000°.  The 
three  last  were  only  exposed  at  the  time  of  ob- 
servation, being  removed  intermediately  into  the 
house,  when  the  equilibrium  in  the  bulbs  of  No.  V. 
was  gradually  restored  at  the  temperature  indi- 
cated by  No.  I.  These  thermometers  were  regis- 
tered, when  the  effect  of  the  exposure  had  reached 
the  maximum. 


TABLE  IV.  Experiments  upon  Solar  Radiation  at  Sierra  Leone, 


216 


Radiation  op  heat 


IN  THE  ATMOSPHERE. 


217 


The  same  thermometers  were  employed  on  the 
4th  of  March,  the  variations  of  the  weather  being 
as  nearly  similar  as  can  be  described — the  usual 
weather,  in  short,  of  the  season. 


TABLE  V. — Experiments  upon  Solar  Radiation  at 
Sierra  Leone, 


March  4. 

Time. 

No.  1. 

No.  2. 

Differ. 

No.  3. 

No.  4. 

D iflfe. 

No.  5. 

A.M.  9 

80 

95 

15 

110 

102 

8 

69 

10 

80.5 

93. 

12.5 

110 

105 

5 

79 

11 

80. 

94 

14. 

no 

105 

5* 

86 

12 

80.2 

98.5 

18.3 

115 

108 

7 

93 

P.M,  1 

80.8 

96. 

15.2 

118 

108 

10 

88 

2 

81. 

97. 

16. 

118 

no 

8 

77 

S 

S3 

90.5 

7.5 

113 

105 

8 

69 

4 

82.5 

89.5 

7.  -- 

109.5 

102 

7.5 

59 

The  first,  and  most  striking,  result  of  these  obser- 
vations, is  the  very  small  comparative  energy  of  the 
solar  rays.  All  the  means  adopted  to  measure  their 
effect  concur  in  this  conclusion.  The  utmost  dif- 
ference between  a blackened  thermometer  in  the 
sun  and  another  in  the  shade  was  only  18.3°;  and  in 
vacuo,  of  one  prepared  to  repel  the  radiant  heat,  and 
of  another  to  absorb  it,  11°.  It  is  obvious  that  the 
whole  difference  between  the  first  and  third  ther- 
mometer cannot  be  ascribed  to  radiation,  for  the 
latter,  although  placed  in  a rarefied  medium,  was 
still  surrounded  by  attenuated  air  and  aqueous 
vapour,  the  latter  of  which  appeared  in  a pretty 
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copious  precipitation  of  moisture  upon  the  sides  of 
the  glass.  This  atmosphere,  however  rare,  was 
liable  to  become  considerably  heated  under  confine- 
ment. But  even  the  maximum  of  this  difference  is 
only  38°. 

The  next  series  of  experiments,  which  were 
made  at  Bahia,  on  the  coast  of  Brazil,  come  into 
more  immediate  comparison  with  my  own,  and 
agree  in  the  conclusion  of  the  diminution  of  the  force 
of  radiation  from  a tropical  sun.  A mercurial  re- 
gister thermometer,  having  its  bulb~  blackened  and 
covered  with  black  wool,  was  fully  exposed  to  the 
sun  on  grass,  and  compared  with  a thermometer  in 
the  shade:  the  following  Table  exhibits  the  re- 
sults. 

TABLE  VL — Experiments  upon  Solar  Radiation  at 
Bahia, 


Sun. 

Shade. 

Difference. 

July  24 

114 

82 

32 

25 

123 

82 

41 

26 

124 

83 

41 

27 

123 

83 

40 

28 

95 

78 

17 

29 

115 

78 

37 

30 

127 

80 

47 

Here  the  maximum  effect  was  only  47°,  with  a 
nearly  vertical  sun ; while  the  same  influence,  in  our 
temperate  climate  in  June,  in  a medium  not  much  less 
heated,  was  65°. 
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Captain  Sabine  instituted  a third  set  of  experi- 
ments, upon  the  same  point,  during  his  stay  in  the 
Island  of  Jamaica. 

. The  thermometer,  with  black  wool,  was  exposed 
to  the  sun  on  the  vegetation  by  which  Port  Royal 
is  surrounded.  It  is  a tongue  of  sand,  projecting  a 
considerable  distance  into  the  sea,  and  overrun  by 
the  Tibullus  Maximus,  which  was  at  the  time  in 
flower.  The  ball  of  the  thermometer  was  in  contact 
with  the  vegetation,  and  supported  by  it  about  ten 
inches  off  the  ground. 

TABLE  VII. — Experiments  upon  Solar  Radiation  at 
Jamaica, 


Sun. 

Shade. 

Difference. 

Aug.  25 

122 

86 

36 

26 

123 

87 

36 

27 

122 

86 

36 

28 

122 

86 

36 

29 

123 

86.5 

36.5 

30 

123 

86.5 

36.5 

A naked  mercurial  thermometer,  suspended  freely 
across  between  the  upper  branches  of  a stunted 
dead  acacia,  and  exposed  to  the  sun,  near  the  other 
thermometer,  about  four  and  a half  feet  above  the 
ground,  and  not  in  contact  with  the  tree,  carefully 
observed  at  intervals  of  the  fore  and  after-noon, 
from  the  25th  to  the  30th  of  October,  was  never 
seen  to  rise  higher  than  92°.  This  point  it  usually 
attained  at  ten  A. M.,  before  the  sea-breeze  set  in. 
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fell  as  the  breeze  commenced,  but  attained  about 
the  same  height  in  the  afternoon,  although  the 
breeze  had  freshened  intermediately. 

The  indications  of  the  differential  thermometer, 
before  described  in  vacuo,  were  as  follow: 

TABLE  VIII.  Experiments  upon  Solar  Radiation, 
at  Jamaica. 


Date. 

Hour. 

Differential 

Thermometer. 

OBSERVATIONS. 

Oct.  24. 

12 

88 

Strong  breeze — perfectly  clear. 

P.  M.  l\ 

88 

Ditto  ditto 

26 

A.  M.  9i 

82 

No  breeze — very  clear. 

12 

88 

Fresh  sea  breeze — in  2 minutes. 

29 

12 

90 

Clear— little  breeze — in  2 minutes. 

P.  M.  2 

86 

Ditto—  more  breeze — in  2 minutes. 

30 

A.M.  10 

88 

Very  clear— no  breeze — in  2 min. 

P.  M.  1 

91 

Very  strong  sea  breeze — in  2 min. 

3| 

74 

Very  strong  breeze — in  2 minutes. 

Nov.  3 

A.  M.  8 

68 

Calm  and  clear. 

9 

82 

Ditto  ditto 

7 

A.  M.  7 

48 

Ditto  ditto 

The  smallness  of  the  effect  is  no  less  striking 
from  these  results  than  from  the  last. 

In  looking  over  the  interesting  personal  narrative 
of  M.  de  Humboldt,  (in  which  the  inquirer,  upon 
almost  any  subject,  is  sure  to  meet  with  valuable 
information)  I find  ample  confirmation  of  these  ob- 
servations. At  Cumana  he  remarks,  “ I have  often 
endeavoured  to  measure  the  power  of^  the  sun,  by 
two  thermometers  of  mercury  perfectly  equal,  one 
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of  which  remained  exposed  to  the  sun,  while  the 
other  was  placed  in  the  shade.  The  difference  re- 
sulting from  the  absorption  of  the  rays  in  the  ball  of 
the  instrument  never  exceeded  3°.  7 (6"^.  6 Fahr.) 
Sometimes  it  did  not  even  rise  higher  than  one  or 
two  degrees. — Humboldt’s  Travels,  by  H.  M.  Wil- 
liams. Vol.  ii.  p.  58. 

A fourth  set  of  Captain  Sabine’s  experiments,  in 
the  mountains  of  Jamaica,  present  a comparison  of 
the  greatest  interest.  The  observations  were  made 
on  the  3 1 St  of  October,  at  Mr.  Chisholm’s  house, 
situated  on  the  summit  of  the  Port  Royal  ridge, 
4,000  feet  above  the  sea.  The  woolled  thermome- 
ter was  laid  upon  the  grass-plat  about  100  yards 
from  the  house,  and  fairly  exposed  to  the  sun.  In 
the  forenoon,  in  intervals  of  the  breeze,  when  the 
sky  was  clear,  it  rose  above  130° ; the  thermometer 
in  the  shade,  at  the  time  being,  73°.  The  difference 
of  57°  exhibits  a much  greater  intensity  of  action 
than  any  that  had  been  obtained  at  the  level  of  the 
sea.  The  following  observations  of  the  differential 
thermometer  in  vacuo,  in  the  same  situation,  confirm 
the  conclusion. 


TABLE  IX.  Experiments  upon  Solar  Radiation,  upon 
the  Mountains  of  Jamaica. 


Date. 

Time. 

Differential 

Thermometer. 

OBSERVATIONS. 

Ocf-  31. 

A.  M.  9 

74 

s 

i 

Ij  Minute. 

10 

100 

o 

Pe 

1|  Minute. 

11 

84 

s 

s 

a 

1 1 Minute,  light  clouds. 

12 

100 

\\  Minute,  very  clear. 
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As  it  appears,  I think,  incontrovertible,  from  a 
cornparison  of  Captain  Sabine’s  experiments  with 
my  own,  that  the  force  of  the  sun’s  direct  radiation 
decreases  in  approaching  the  equator,  I became 
anxious  to  ascertain,  if  possible,  whether  an  analo- 
gous contrary  effect  were  observable  in  advancing 
towards  the  pole.  In  looking  over  the  journal  of 
the  late  Expedition-  for  the  discovery  of  a north- 
west passage,  I found  some  observations,  which 
tended  much  to  establish  this  curious  fact.  At  page 
157  of  that  interesting  narrative.  Captain  Parry  ob- 
serves— “ On  the  16th,  (March),  there  being  little 
wind,  the  weather  was  again  pleasant  and  comfort- 
able, though  the  thermometer  remained  very  low. 
While  it  continued  nearly  calm,  we  observed  the 
following  differences  in  the  temperature  of  the  air 
in  the  shade,  and  in  the  sun ; the  latter  were,  how- 
ever, noted  by  a thermometer  placed  under  the 
ship’s  stern,  which  situation  was  a warm  one,  for 
the  reasons  before  assigned.”  The  difference  of 
warmth  in  this  situation  had  been  before  ascertained 
not  to  exceed  2°  to  5°. 

TABLE  X.  Experiments  upon  Solar  Radiation  at 
Melville.  Island. 


Date. 

Time. 

Sun. 

Shade. 

Difference. 

March  16 

A.  M.  9 

+ 

24 

— 24 

48 

10 

+ 

27 

— 23 

50 

11 

+ 

28^ 

— 22 

50| 

12 

+ 

29 

— 21 

50 

P.  M.  3 

+ 

19 

- 13 

32 
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Again,  on  the  25th  of  March,  the  thermometer  in 
the  sun  being  placed  at  a distance  from  the  ship,  and 
the  weather  very  fine  and  calm. 

TABLE  XL  Experiments  upon  Solar  Radiation,  at 
Melville  Island. 


Date. 

Time. 

Sun. 

Shade. 

Difference. 

March  25 

12 

+ 

30 

— 25 

55 

P.M.  1 

+ 

17 

— 22 

39 

2 

+ 

25 

— 22 

47 

3 

+ 

21 

- 22 

43 

Here  it  is  seen  that  the  sun  had  power  to  raise  a 
thermometer,  which  had  not  been  prepared  to  receive 
its  greatest  impression,  55°  in  the  month  of  March, 
at  Melville  Island ; the  maximum  effect  in  the  vici- 
nity of  London,  in  the  same  month,  upon  a thermo- 
meter covered  with  black  wool,  being  only  49°. 

In  Captain  Scoresby’s  Account  of  the  Arctic 
Regions,”  there  are  also  many  remarks  which  pow- 
erfully confirm  the  same  opinion.  “ The  force  of 
the  sun’s  rays,”  he  observes,  is  sometimes  re- 
markable. Where  they  fall  upon  the  snow-clad 
surface  of  the  ice  or  land,  they  are,  in  a great  mea- 
sure, reflected,  without  producing  any  material  ele- 
vation of  temperature ; but  when  they  impinge  on 
the  black  exterior  of  a ship,  the  pitch  on  one  side  oc- 
casionally becomes  fluid,  while  ice  is  rapidly  generated 
at  the  other  ; or,  while  a thermometer  placed  against 
the  black  paint  work,  on  which  the  sun  shines,  indi- 
cates a temperature  of  80°  or  90°,  or,  even  more,  on 
the  opposite  side  of  the  ship,  a cold  of  20°  is  some- 
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times  found  to  prevail.  This  remarkable  force  of 
the  sun’s  rays  is  accompanied  with  a corresponding 
intensity  of  light.” — Vol.  I.  p.  378. 

To  ascertain  with  precision  the  temperature  de- 
noted in  the  above  extract,  by  the  pitch  becoming 
fluid,  which  appears  to  me  to  furnish  the  best  mea- 
sure of  the  force  of  the  sun’s  rays,  I tried  the  follow- 
ing experiment.  I covered  the  bulb  of  a thermo- 
meter with  pitch  to  the  thickness  of  about  -fo  of  an 
inch,  and  suffered  it  to  remain  till  it  had  become 
quite  hard.  I then  held  it  at  some  distance  from  a 
fire,  and  noted  the  following  points.  At  100°  Fahr., 
it  began  to  soften.  At  110°,  it  might  be  moulded 
into  any  form — and,  from  120°  to  136°,  it  rapidly 
approached  fluidity,  and,  at  the  latter  temperature, 
dropped  off*  the  ball.  The  degree  denoted  cannot, 
therefore,  be  placed  lower  than  120°;  and  if  ice  were 
forming  at  the  same  time  in  the  shade,  the  force  of 
the  sun’s  radiation  could  not  be  less  than  90°. 

In  the  account  of  Captain  Scoresby’s  last  voyage 
to  Greenland,  a direct  experiment  in  latitude  80° 
19',  confirms  the  same  conclusion. 

“ The  sun  broke  through  the  clouds,  and  pro- 
duced a powerful  effect  upon  the  temperature.  At 
two,  A.  M.,  the  thermometer  was  3°  or  4°  below 
zero.  At  eight,  A.  M.,  it  was  + 6°,  and  at  ten, 
A.  M.,  about  + 14°  in  the  shade.  But  the  genial 
influence  of  the  sun  was  still  more  striking.  In  a 
sheltered  air,  it  produced  the  feeling  of  warmth ; the 
black  paint  work  of  the  side  of  the  ship,  on  which 
the  sun  shone,  was  heated  to  a temperature  of  90° 
or  100°,  and  the  pitch  about  the  bends  became 
fluid.  Thus,  while  on  one  side,  was  uncommon 
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warmth,  on  the  opposite  side,  was  intense  freezing.” 
Journal  of  a Voyage  to  the  Northern  Whale  Fishery, 
p.  34.  The  radiating  force  of  the  sun  must,  there- 
fore, have  been  80®  in  the  month  of  April. 

With  respect  to  the  greater  energy  of  the  solar 
rays,  upon  the  summit  of  a mountain,  than  upon  a 
plain,  I find  that  Monsieur  de  Saussure  made  some 
decisive  experiments,  which  establish  the  same 
fact.  In  his  “ Voyages  dans  les  Alpes,”  the  fol- 
lowing observations  occur — “ Je  cherchais  k Ge- 
neve un  verre  ardent  assez  petit  pour  qu’il  n’eut  pr^- 
cisement  que  la  force  necessaire  pour  allumer  de 
I’amadou.  Je  portai  en  suite  le  meme  verre  et  le 
meme  amadou  sur  le  haut  de  Saleve  et  je  le  vis  la 
produire  le  m^me  effet  que  dans  la  plaine  et  meme 
avec  plus  de  promptitude.''  Tome  11.  p.  363. 

‘‘  Sur  la  cime  du  Cramont  (777  French  toises  = 
4967  English  feet  above  the  plain)  un  thermometre 
applique  sur  le  li^ge  noirci,  expose  directement  aux 
rayons  du  soleil  pendant  un  heure  precise,  c’est  k 
dire,  depuis  2**  12'jusques  ^3*"  12',  (le  16  Juillet 
1774,)  etoit  monte  a 21°,  (79°  Fahr.,)  etunuutre 
thermom^tre,  a boule  nue,  expose  en  plein  air  aux 
rayons  du  soleil,  a 4 pieds  au-dessus  du  gazon,  ne  se 
soutenoit  qu'a  5 degres  (43°  Fahr.) — le  lendemain, 
de  retour  a Courmayeur,  oii  j’eus  le  bonheur  d’avoir 
un  terns  clair,  parfaitement  semblable  a celui  de  la 
veille,  je  choisis  un  prairie  decouverte  dans  laquelle 
j’etablis  mon  appareil:  le  thermom^tre  place  sur  le 
liege  noirci  montat  dans  un  heure  precise  a 27°, 
(93°  Fahr.,)  et  celui  qui  6toit  en  plein  air  a 19°, 
(75  Fahr.)  Tome  IL  p.  365. 

The  same  accurate  observer  also  found,  by  com- 
parative trials,  that  the  chemical  energy  of  the  solar 
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light,  as  well  as  its  heating  power,  was  much  greater 
upon  the  summit  of  the  Col  du  Geant,  than  on  the 
plain  of  Geneva. 

From  these  facts,  then,  I conclude,  that  the  power 
of  solar  radiation  in  the  atmosphere,  increases  from 
the  equator  to  the  poles,  and  from  below,  upwards. 
The  obstruction,  which  the  air  offers  to  the  passage 
of  the  rays,  is  not  alone  dependant  upon  its  density 
at  the  surface  of  the  earth,  for  most  of  the  experi- 
ments, which  establish  the  difference  between  the 
lower  and  the  higher  latitudes,  were  made  under 
nearly  equal  heights  of  the  barometer. 

For  the  same  reason,  the  difference  cannot  be 
ascribed  to  any  change  in  the  cooling  power  of  the 
medium,  for  MM.  Dulong,  and  Petit,  have  esta- 
blished, from  experiment,  that  the  velocity  of  cooling, 
inany  gas,  whereitis  solely  owing  to  contact,  remains 
the  same,  if  the  density  and  the  temperature  of  the 
gas  change  in  such  a way  that  the  elasticity  re- 
mains constant.  Part  of  the  difference,  upon  the 
summit  of  the  mountain,  may  be  traced  to  the  dimi- 
nution of  elasticity,  but  no  such  cause  operated  (or, 
if  it  did,  in  a degree  too  small  for  appreciation)  in  the 
experiments  upon  the  plains. 

May  not  the  phenomena  be  owing  to  the  differ- 
ences in  the  thicknesses  of  the  strata  through  which 
the  radiant  matter  has  to  pass?  The  retardation  of 
its  passage,  at  the  equator,  may  be  dependant  upon 
the  inflation  of  the  atmosphere  over  that  zone,  both 
from  the  centrifugal  force  of  the  motion  of  rotation, 
and  from  the  expansion  occasioned  by  the  never- 
failing  heat:  its  acceleration  at  the  poles,  to  the 
comparative  thinness  of  the  aerial  stratum,  depen- 
dant upon  cold,  and  a state  of  rest.  As  we  ascend 
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in  the  atmosphere,  we  obviously  diminish  the  height 
of  the  stratum  above  us,  and  therefore  the  effect  upon 
mountains  may  be  referred  to  the  same  explanation. 

It  is  well  known  that  a considerable  portion  of 
the  light  of  the  sun  is  always  detained  and  ab- 
sorbed in  its  passage  through  the  atmosphere  ; and 
it  has  been  calculated,  that  a vertical  ray,  shot 
through  the  clearest  air,  would  lose  more  than  a 
fifth  part  of  its  intensity.  This  absorption,  sup- 
posing the  aerial  covering  of  the  earth  to  be  every 
where  equal,  would  be  in  proportion  to  the  obli- 
quity of  the  rays  ; for,  as  their  course  receded  from 
the  perpendicular,  they  would  have  to  encounter  a 
greater  thickness  of  the  aerial  fluid.  But  if  the 
form  of  the  atmosphere  be  that  of  a greatly-oblate 
spheroid,  the  thickness  of  the  equatorial  stratum 
may  readily  be  conceived  to  counterbalance  or  ex- 
ceed the  obliquity  of  the  course  by  which  the  rays 
would  penetrate  to  the  flattened  regions  of  the  pole. 
Now  the  inequality  of  the  temperature  of  the  earth 
must  evidently  impress  such  a figure  upon  the 
elastic  atmosphere ; and  supposing  the  pressure  to 
be  every  where  equal,  and  the  heat  to  increase 
from  the  pole  to  the  equator,  from  0°  to  80®,  the 
equatorial  axis  would  be  to  the  polar,  as  6 to  5, 

Fig.  1. 
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Let  Fig.  1 represent  a sphere,  surrounded  by  an 
atmosphere  every  where  equi-distant  from  the  cen- 
tre ; and  Fig.2,  the  same  sphere,  with  an  atmosphere 
gradually  expanding  from  the  poles  to  the  equator. 
Of  the  parallel  rays,  ab,cd,  falling  upon  the  surface 
of  the  sphere,  the  power  of  cd,  in  the  first  example, 
is  diminished  in  proportion  to  the  distance  ce  to 
af ; while,  in  the  second  example,  the  distances 
being  equal,  the  power  is  undiminished.  It  may 
be  objected,  that  the  expansion  caused  by  heat, 
does  not,  in  fact,  increase  the  quantity  of  matter 
through  which  the  rays  are  obliged  to  pass,  al- 
though it  extends  that  matter  through  a larger 
space ; and  that,  therefore,  the  proof  is  wanting  of 
such  diffusion  increasing  the  obstruction. 

The  cooling  power,  however,  of  air,  as  I have  be- 
fore stated,  has  been  proved  to  be  in  proportion  to 
its  elasticity ; and,  therefore,  it  is  reasonable  to  sup- 
pose that  the  difficulty  with  which  heat  passes 
through  it,  is  in  the  same  proportion.  The  heat  of 
the  sun  thus  sets  limits  to  its  own  energy ; and  by 
an  admirable  adjustment,  the  force  of  radiation  is 
tempered  in  those  regions  where  its  full  perpen- 
dicular action  would  be  destructive  to  vegetable 
existence,  and  fully  developed  in  climates  where  its 
utmost  force  is  required,  to  counterbalance  the  ob- 
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liquity  of  its  course.  If  the  experimental  results 
could  be  obtained  with  sufficient  precision,  they 
would  form  the  data  of  some  curious  and  instructive 
calculations. 

These  suggestions,  however,  are  offered  with 
much  diffidence,  as  I am  well  aware  that  the  subject 
stands  greatly  in  need  of  further  elucidation.  One 
great  object  which  this  arrangement  answers,  in  the 
economy  of  nature,  is  too  obvious  to  be  passed 
over ; I mean  the  additional  stimulus  which  is  thus 
afforded  to  vegetation  in  the  polar  regions,  during 
the  short  but  cheering  visit  of  the  sun  to  their 
inclement  skies.  The  rapidity  with  which  the  earth, 
when  it  is  uncovered  of  ice  and  snow,  becomes 
covered  with  verdure  at  the  first  return  of  summer, 
has  been  often  noticed ; a rapidity  which  is  totally 
unequalled  at  the  departure  of  winter  in  more  tem- 
perate climates.  Most  of  the  plants  spring  up, 
flower,  and  afford  seed  in  the  course  of  a month  or 
six  weeks. 

Having  traced  some  of  the  modifications  to  which 
radiant  caloric  is  subject  in  its  passage  from  the 
sun  to  the  earth,  and  having  shewn  the  importance 
of  a further  developement  both  of  the  cause  and  its 
effects,  I shall  now  endeavour  to  collect  and  com- 
bine some  particulars  with  respect  to  the  radiation 
of  heat  from  the  surface  of  the  earth  into  space ; a 
process,  in  which  the  welfare  of  the  vegetable  king- 
dom is  no  less  concerned  than  in  that  which  we 
have  just  been  considering.  My  journal  of  ob- 
servations contains  a column,  also,  of  the  results  of 
experiment  upon  this  division  of  the  subject;  they 
are  complete  for  nearly  the  whole  of  the  three 
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years.  They  were  obtained  by  exposing,  upon 
short  grass,  a register  thermometer  to  an  open 
aspect  of  the  sky,  having  its  bulb  covered  with 
black  wool.  The  lowest  depression,  during  the 
night,  was  entered  in  the  register.  The  theory  and 
practice  of  this  experiment  have  been  so  clearly 
elucidated  in  Dr.  Wells’s  Essay,  that  I can  have 
nothing  to  add  upon  the  subject:  my  only  aim  is 
to  carry  a little  further  the  observation  of  a princi- 
ple, which,  from  limited  experience,  but  with  a mas- 
terly hand,  he  has  shewn  to  be  of  such  vast  import- 
ance. The  following  table  exhibits  the  mean  effect 
of  radiation  for  every  month,  deduced  from  the 
averages  of  the  three  years,  together  with  its  greatest 
observed  intensity  in  the  same  intervals.  The  first 
column  shews  the  month,  the  second  the  minimum 
temperature  of  the  air,  the  third  the  mean  effect, 
and  the  fourth  the  maximum  force  of  radiation: — 

TABLE  XII.  Shewing  the  Mean  Minimum  Temperature 
of  the  Air,  with  the  Mean  and  Maximum  Force  of 
Terrestrial  Radiation  for  every  Month  in  the  Year. 


Mean  Min. 
of 

the  Air. 

Mean  Depres- 
Kion  from 
Radiation. 

Max.  Depres- 
sion from 
Radiation. 

January'  . . . 

32.6 

3.3 

10 

February  . . . 

33.7 

4.7 

10 

March  .... 

37.7 

3.3 

10 

April 

42.2 

6.2 

14 

May 

4.5.  1 

4.2 

13 

June 

4S.  1 

3.2 

17 

July 

32.2 

3.6 

13 

August  .... 

32.9 

3 2 

12 

September  . . 

30.  1 

5.4 

13 

October  . . . 

42.  1 

4.8 

11 

November  . . 

38.3 

3.6 

10 

December  . . 

33.  4 

3.  3 
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In  the  last  column  we  may  observe  an  approxi- 
mation to  the  law  of  radiation,  established  by  the 
experiments  of  MM.  Dulong  and  Petit ; namely, 
that  the  velocity  of  cooling  in  vacuo  (or  force  of 
radiation)  increases  as  the  terms  of  a geometrical 
progression  for  excess  of  temperature  in  arith- 
metical progression.  The  power  of  radiation,  as 
exhibited  in  the  table,  has  evidently  a tendency  to 
increase  with  the  heat,  although  the  effect  is  masked 
by  too  many  disturbing  causes  to  have  enabled  us 
to  discover  the  law  of  its  progression.  The  amount 
of  effect  denoted  in  the  third  column  is  principally 
dependant  upon  the  clearness  of  the  atmosphere, 
and  it  affords  no  bad  estimate  of  the  comparative 
brightness  of  the  different  months.  April  appears 
to  be  the  clearest  month  of  the  year,  and  the  cloudy 
state  of  July  in  the  midst  of  summer  is  very  re- 
markable. 

From  the  particulars  of  the  diary  it  will  be  found, 
that  vegetation  is  liable  to  be  affected  at  night,  from 
the  influence  of  radiation,  by  a temperature  below 
the  freezing  point  of  water  ten  months  in  the  year ; 
and  that  even  in  the  two  months,  July  and  August, 
the  only  exceptions,  the  radiant  thermometer  some- 
times falls  to  35°. 

The  comparative  experiments  of  Captain  Sabine 
between  the  tropics  are  as  follows : — 

At  Bahia  he  exposeid  upon  grass  to  the  aspect  of 
the  sky,  an  alcohol  thermometer,  registering  the  ex- 
treme cold,  and  having  its  bulb  covered  with  black 
wool.  The  following  is  the  comparison  between  its 
indications  and  those  of  a register  thermometer 
placed  under  shelter. 
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Table  XIII.  Experiments  upon  Terrestrial  Radiation 
at  Bahia, 


Temp,  of 
Air. 

Temp,  of 
Radiation. 

Difference. 

Observations. 

July  24 

68  ' 

63.5 

4.5 

Dew. 

25 

68 

63.5 

4.5 

Ditto 

26 

72 

62.5 

9.5 

Ditto 

27 

70 

61. 

9. 

Ditto 

28 

64 

60.5 

3.5 

29 

67 

59.5 

7.5 

30 

65 

64 

1 

The  register  of  cold  was  the  same,  whether  the 
thermometer  was  placed  on  a grass-plat  or  on  a thick 
bed  of  Rotboelia,  or  on  thick  tufts  of  Poa. 

At  Jamaica,  the  radiating  thermometer  was  placed 
in  the  manner  before  described,  in  contact  with  the 
vegetation,  and  supported  by  it  about  ten  inches' 
above  the  ground.  The  following  are  the  results: — 

TABLE  XIV.  Experiments  upon  Terrestrial  Radiation 
at  Jamaica, 


Temp,  of  Air. 

Temp,  of 
Radiation. 

Difference. 

October  25 

76 

72 

4 

26 

76 

69 

7 

27 

76 

65 

11 

28 

76 

66 

10 

29 

76.5 

65 

11.5 

80 

76 

65 

11 

November  3 

76 

67 

9 

IN  THE  ATMOSPHERE. 


233 


On  the  mountains,  at  4000  feet  above  the  level  of 
the  sea,  the  thermometer,  laid  upon  grass,  afforded 
the  follov^ing  comparison: 


• TABLE  XV.  Experiments  upon  Terrestrial  Radiation 
upon  the  Mountains  of  Jamaica, 


Date. 

Time. 

Temp, 
of  Air. 

Temp, 
of  Rad. 

Differ- 

ence. 

OBSERVATIONS, 

Oct.  31 

P.  M. 

10 

65 

51 

14 

Clear  and  calm. 

Nov.  1 

A.  M. 

5 

63 

45 

18 

Ditto  ditto. 

P.  M. 

11 

64 

51 

IS 

Clear  & gentle  breezes 

2 

A.  M. 

5 

64 

55 

9 

Ditto  ditto. 

From  all  these  experiments  taken  together,  it  would 
appear  that  the  same  cause  which  obstructs  the  pas- 
sage of  radiant  heat  in  the  atmosphere  from  the  sun, 
opposes  also  its  transmission  from  the  earth  into 
space.  The  force  of  radiation  for  the  given  tempe- 
rature is  less  between  the  tropics,  than  at  the  lati- 
tude of  London ; and  it  obviously  increases  as  we 
ascend  above  the  surface  of  the  earth. 

I have  sought,  unsuccessfully,  for  facts  which 
might,  tend  to  throw  any  light  upon  the  power  of 
terrestrial  radiation  in  the  arctic  regions  ; but  it  is 
to  be  hoped  that  this  subject,  as  well  as  that  of  the 
solar  power  in  the  same  latitudes,  will  shortly  be  de- 
termined by  the  indefatigable  activity  of  Captain 
Sabine.  The  intense  cold  which  was  found  to 
prevail,  during  calm  weather,  in  Melville  Island,  so 
much  beyond  the  amount  of  previous  calculation,  is 
a strong  argument  in  favour  of  an  increased  effect. 

In  Captain  Scoresby's  Journal,  the  following  ac- 
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count  of  the  freezing  of  the  sea  while  the  tempera- 
ture of  the  air  was  considerably  above  the  point  of 
congelatioti,  must  evidently  be  attributed  to  radia- 
tion of  a very  powerful  degree. 

‘‘  In  cloudy  weather,  no  freezing  of  the  sea,  I be- 
lieve, ever  occurs,  when  the  temperature  is  above 
29°  ; but  in  clear  calm  weather,  the  sea,  in  the  in- 
terstices of  the  ice,  generally  freezes  on  the  decline 
of  the  sun  towards  the  meridian  below  the  pole, 
though  the  temperature  be  32°,  or  higher.  In  the 
instance  now  alluded  to,  the  freezing  commenced 
when  the  temperature  was  36°,  being  7|°  or  8° 
above  the  freezing  point  of  sea- water.  About  2 a.m. 
the  thermometer  in  the  air  fell  to  33°,  by  which 
time  the  bay-ice  was  of  such  consistence  that  the 
headway  of  the  ship,  under  a light  breeze,  was  some- 
time stopped  by  it.”  Scoresby's  Journal,  p.  291. 

I shall  now  proceed  to  detail  some  further  experi- 
ments which  I have  made  at  different  times,  the  re- 
sults of  which  may  not  prove  unimportant  to  the  ge- 
neral subject  of  radiation.  The  apparatus  which  I 
employed  wa&  a concave  reflector  of  copper,  plated 
with  silver,  of  a parabolic  form;  its  diameter  was  6 
inches,  and  the  length  of  its  focus  l^inches.  Through 
a collar  in  its  side  a thermometer  could  be  passed,  and 
^ its  bulb  fixed  in  the  focus,  the  scale  being  kept  on  the 
outside.  This  reflector  was  placed  upon  a foot  with 
a ball  and  socket  joint,  that  enabled  it  to  turn  in  any 
direction. 

Dr.  Wollaston  was  the  first  to  expose  a concave 
metallic  mirror,  turned  upwards  to  the  free  air,  with 
a thermometer  placed  in  its  focus ; and  proved  the 
lowering  of  its  temperature  after  its  being  thus  ex- 
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posed  for  a short  time.  This  experiment  he  made 
before  the  publication  of  Dr.  Wells’s  Essay,  but  it 
does  not  appear  that  he  pursued  the  subject  fur- 
ther. Mr.  Leslie,  some  years  afterwards,  adapted 
the  differential  thermometer  to  this  idea,  and  con- 
trived an  instrument  which  he  has  called  an  Mthriz 
oscope.  This  was  nothing  more  than  a metallic 
reflector,  with  one  of  the  balls  of  a differential  ther- 
mometer placed  in  the  focus,  and  the  other  out  of  it. 
He  confirmed  Dr.  Wollaston’s  result,  and  the  ther- 
mometer fell,  upon  being  exposed  to  a clear  sky. 
The  effect  he  found  to  depend  upon  the  clearness  of 
the  atmosphere. 

Mr.  Leslie,  in  his  description  of  the  construction 
and  uses  of  his  ^Ethrioscope,  has,  unfortunately  I 
think,  indulged  in  a brilliancy  of  imagination  and 
figurativeness  of  language,  which  have  greatly  ob- 
scured his  meaning.  He  ascribes,  for  instance,  the 
action  of  the  instrument  to  “ cold  pulses  showered 
eniire  from  the  heavens.”  He  speaks  of  ‘‘  the 
higher  strata  of  the  atmosphere  darting  cold  pulses 
downwards,  and  the  lower  strata  projecting  equal 
pulses  of  heat  upwards.” 

The  iEthrioscope,  he  says,  extends  its  sensa- 
tion through  indefinite  space,  and  reveals  the  condi- 
tion of  the  remotest  atmosphere.”  Nay,  more,  he 
expects  that  ‘‘  when  constructed  with  greater  deli- 
cacy, it  may,  perhaps,  scent  the  distant  winds,  and 
detect  the  actual  temperature  of  different  portions 
of  the  heavens.”  With  far  humbler  views  I have 
made  considerable  use  of  Dr.  Wollaston’s  apparatus, 
which,  for  reasons  which  I shall  not  now  stop  to 
discuss,  I very  much  prefer  to  Mr.  Leslie’s.  The 
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standard  thermometer,  to  which  all  my  observations 
refer,  when  not  otherwise  expressed,  had  its  bulb 
covered  with  black  wool. 

My  first  object  was  to  ascertain  the  force  of  radi- 
ation from  a thermometer,  so  guarded  from  the 
influence  of  surrounding  bodies,  compared  with 
another,  exposed,  as  I have  before  described,  upon 
grass.  The  following  Table  exhibits  the  results. 
The  first  column  shews  the  lowest  temperature  of 
the  air  during  the  night,  the  second  the  lowest  tem- 
perature of  a thermometer  on  grass,  and  the  third 
that  of  the  thermometer  in  the  reflector. 

TABLE  XVI.  Comparison  of  the  Force  of  Radiation 
in  a Reflector  and  on  the  Grass, 


Ttiiip. 
of  Air. 

Temp,  of 
Grass. 

Temp,  in 
Reflector. 

OBSERVATIONS. 

42 

34 

30 

Very  fine  and  clear. 

47 

39 

35 

Ditto 

ditto. 

52 

44 

42 

Ditto 

ditto. 

44 

35 

32 

Ditto 

ditto. 

44 

36 

34 

Ditto 

ditto. 

54 

48 

45 

Ditto 

ditto. 

58 

52 

52 

Dull. 

57 

51 

49 

Very  fine — moon  hazy. 

5G 

51 

50 

Light  clouds. 

51 

41 

41 

Very  fine  and  clear. 

45 

35 

35 

Ditto 

ditto. 

50 

42 

41 

Ditto 

ditto. 

50 

42.3 

40.5 

Mean 
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The  average  difference  is  not  quite  two  degrees. 

I consider  this  as  much  the  most  accurate  method 
of  measuring  the  force  of  terrestrial  radiation:  at  the 
same  time  it  is  gratifying  to  find  that  the  means 
which  I had  adopted,  before  this  idea  ha&  occurred 
to  me,  were  not,  upon  a mean  of  observations  liable 
to  any  very  considerable  error.  The  radiant  ther- 
mometer is  so  completely  insulated  by  the  reflector, 
from  the  counter-radiation  of  surrounding  bodies, 
that  it  may  be  applied  with  equal  effect  in  any  situa- 
tion where  the  aspect  of  the  sky  is  very  limited.  Even 
in  the  streets  of  London,  where  the  radiation  of  an 
exposed  thermometer  is  nearly  neutralized,  and  the 
utmost  effect  never  exceeds  two  or  three  degrees, 
that  of  the  thermometer,  guarded  by  the  reflector,  is 
wholly  unimpeded.  Experiments  that  are  thus 
made,  in  whatever  situation,  are  strictly  comparable, 
provided  they  are  screened  from  any  strong  action 
of  the  wind. 

Being  thus  in  possession  of  the  means  of  cutting 
off  the  access  of  radiant  m.atter  from  any  source, 
and  of  directing  it  to  any  required  object,  I was 
anxious  to  ascertain  the  force  with  which  it  was 
given  off  while  the  sun  was  above  the  horizon,  com- 
pared with  what  it  was  in  the  absence  of  that  lumi- 
nary. Under  the  most  favourable  circumstances, 
when  the  air  was  calm  and  the  atmosphere  clear,  I 
never  could  obtain  an  effect  of  more  than  five  or  six 
degrees  with  the  thermometer  covered  with  black 
wool.  It  then  occurred  to  me,  to  try  the  influence 
of  colour  in  modifying  the  results.  I had  another 
reflector  made  exactly  similar  to  the  former,  and 
their  power,  upon  trial,  was  found  to  be  precisely 
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equal ; that  is  to  say,  the  radiating  thermometer  fell 
to  an  equal  amount  in  each  of  them.  I now  covered 
the  ball  of  a thermometer  with  white  wool,  and 
placed  it  in  the  focus  of  one  reflector,  and  the  ther- 
mometer with  black  wool  in  the  focus  of  the  other. 
I selected  a cloudless  day  for  the  experiment,  and 
placed  the  two  instruments,  side  by  side,  in  the 
shade  of  a tree,  inclining  them  at  equal  angles  to- 
wards the  clear  eastern  sky.  The  following  Table 
includes  the  results. 


TABLE  XVII.  Comparison  of  the  Force  of  Radiation 
from  Black  and  White  Wool. 


May  16. 

Radiation  from 
Black  Wool. 

Radiation  from 
White  Wool. 

Temp,  of 
Air. 

OBSERVATIONS. 

P.M.  Si 

58 

53 

63 

Atmos,  cloudless. 

4 

58 

53 

63 

During  the  experi- 
ment the  reflectors 

S 

44 

43 

54 

were  changed. 

11 

36 

36 

47 

During  Night 

35 

35 

45 

The  amount  of  radiation,  therefore,  from  the 
white  wool,  was  equal,  during  the  time  the  sun  was 
high  in  the  heavens,  to  what  it  was  during  the 
night;  while  it  was  one-half  less  from  the  black 
wool.  During  the  absence  of  the  sun,  the  radi- 
ating power  of  the  two  was  equal. 

The  experiment  was  repeated  under  varying 
circumstances  ; and  in  examining  the  results,  as  in- 
cluded in  the  following  Table,  it  will  be  necessary 
to  attend  particularly  to  the  collateral  circumstances. 
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TABLE  XVni.  Comparison  of  the  Force  of  Radiation 
in  Black  and  White  Wool. 


May  17. 

Radiation 

from 

1 Black  Wool. 

Radiation 

from 

WhiteWool. 

Temp, 
of  Air. 

OBSERVATIONS. 

p.M.  n 

64 

59 

65 

Overcast,  with  cumulo-stratus. 

2 

68 

60 

65 

Clearing — re6ectors  turned  to  clearing 
space. 

73 

62 

65 

Faint  suu-shiue. 

74 

62 

66 

1 Strong  sun-shine — reflectors  turned,  so  that 
^ the  shadows  of  the  bulbs  just  ap- 

4 

76 

64 

68 

3 peared  on  the  metal. 

11 

51 

51 

55 

Lightly  overcast. 

Night. 

42 

42 

51 

Fine. 

The  power  of  radiation  was  nearly  neutralized  in 
the  black  wool,  while  the  sky  was  over-cast,  but  in 
the  white  wool  was  only  reduced  to  about  one-half. 
As  the  sky  cleared,  the  reflectors  being  turned  to- 
wards the  sun’s  place,  the  black  thermometer  rose 
above  the  temperature  of  the  air,  and  the  white 
thermometer  still  gave  off  more  heat  than  it  re- 
ceived. In  full  sun-shine,  the  reflectors  being  just 
turned  out  of  the  direct  rays,  the  black  thermometer 
rose  8°  above  the  temperature  of  the  air,  and  the 
white  thermometer  fell  4°  degrees  below  it.  In 
estimating  these  effects  it  must  be  remembered, 
that  the  action  of  the  reflector,  in  receiving  and 
transmitting  heat,  is  different.  In  the  former  case, 
we  have  an  exaggerated  action;  the  heat  which 
falls  upon  the  surface  of  the  speculum  is  thrown 
upon  the  thermometer  in  a concentrated  form.  In 
the  latter  case,  the  heat,  which  radiates  from  the 
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thermometer  in  the  focus,  falls  upon  the  concave 
metal,  and  is  reflected  into  space  in  parallel  lines. 
The  effect  is,  therefore,  only  slightly  augmented 
from  the  larger  aspect  of  the  sky.  Whenever  the 
reflector,  with  the  black-wooled  thermometer,  is 
turned,  while  the  sun  is  above  the  horizon,  to- 
wards a cloud,  the  mercury  rises  above  the  tempe- 
rature of  the  air,  excepting  in  the  winter  months ; 
and  a distinct  effect  is  produced  even  from  the 
quarter  most  distant  from  the  sun.  The  concrete 
vapour  seems  to  disperse  the  radiant  matter,  and  to 
act  upon  it  in  much  the  same  way  as  ground  glass 
upon  transmitted  light.  I subjoin  some  experiments 
which  illustrate  this  point,  and  shew  the  effect  of 
two  similar  thermometers  in  similar  reflectors,  di- 
rected to  different  quarters  of  the  heavens. 
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TABLE  XIX.  Effects  of  Radiation  under  different 
Aspects  of  the  Sky. 


Date. 

Hour. 

Position  of  the  Reflector. 

Temp,  of 

Black  Wool. 

Tem.  of 

Air. 

OBSERVATIONS. 

July  2 

12 

Horizontal 

Inclined  30° 

76 

79 

63 

Sky  overcast — cumulo-stra- 
tus — sun’s  place  not  visible 
—and  brisk  wind  from  S.W. 

1 

Horizontal 

83 

63 

Sun’s  place  just  visible,  but 

Inclined  30° 

83 

no  shadows. 

2 

Horizontal 

86 

63 

Ditto  ditto. 

Inclined  30° 

86 

Horizontal 

83 

63 

Sun’s  place  not  visible. 

Inclined  E.  30° 

82 

3 

Horizontal 

79 

65 

Ditto  ditto. 

Inclined  N.  30° 

79 

Inclined  N.  30° 

76 

63 

Ditto  ditto. 

S.  30° 

79 

Inclined  N.E.  30° 

85 

63 

Ditto  ditto. 

S.W.30O 

88 

3§ 

Inclined  N.E.  30° 

96 

63 

S.W.30° 

100 

Inclined  W. 

55 

61 

Just  before  sun-set. 

E. 

55 

11P.M. 

Inclined  N. 

57 

61 

S. 

57 

Night. 

Inclined  N. 

40 

48 

Fine. 

E. 

40 

July  4 

All 

Horizontal 

41 

51 

Very  fine. 

Night. 

Vertical 

43 

1 

R 
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No  effect  is  produced  by  any  cloud  after  the  sun 
has  sunk  below  the  horizon ; and  in  an  overcast 
night  the  action  of  radiation  is  perfectly  neutralized. 
I have  appended  to  this  essay  a series  of  obser- 
vations made  in  London,  at  different  hours  of  the 
night  and  day,  from  January  to  April,  1822. 

As  the  power  in  different  bodies  of  absorbing 
heat,  and  the  power  of  emitting  it,  do  not  appear  to 
be  equal  under  every  circumstance,  as  has  been 
demonstrated  in  the  case  of  the  black  and  the  white 
wool,  it  becomes  a curious  inquiry  to  ascertain  the 
relation  of  various  substances  to  these  effects.  I 
regret  that  I haye  not  had  leisure  to  pursue  this 
branch  of  the  subject  with  the  attention  which  it 
dt'serves.  I shall  subjoin  the  results  of  two  or 
three  experiments,  to  shew  that  much  curious  in- 
formation might  be  expected  from  the  investigation. 
The  standard  of  comparison  was,  in  all  cases,  the 
black-wooled  thermometer,  and  the  substance  com- 
pared was  stuck  upon  a thermometer,  in  a similar 
reflector,  by  its  side. 


TABLE  XX.  Comparison  of  the  Force  of  Radiation  from  different  Substances. 
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Whilst  engaged  in  this  course  of  experiment,  it 
occurred  to  me  that  a favourable  opportunity  pre- 
sented itself  of  determining  a question  which  has  at 
different  times  occasioned  considerable  controversy, 
and  concerning  which,  many  discordant  statements 
have  often  been  made : I mean,  the  radiation  of  heat 
from  the  body  of  the  moon.  Dr.  Howard  has  lately 
published  the  following  result  of  an  experiment 
by  means  of  a delicate  differential  thermometer, 
which  seems  to  establish  the  reality  of  such  an 
effect. 

‘‘  Having  blackened  the  upper  ball  of  my  dif- 
ferential thermometer,  I placed  it  in  the  focus  of 
a thirteen-inch  reflecting  mirror,  which  was  opposed 
to  the  light  of  a bright  full-moon.  The  liquid  began 
immediately  to  sink,  and  in  half  a minute  was  de- 
pressed 8°,  where  it  became  stationary.  On  placing 
a screen  between  the  mirror  and  the  moon,  it  rose 
again  to  the  same  level,  and  was  again  depressed 
on  removing  this  obstacle.” — Silliman's  Journal, 
vol.  ii.  p.  329. 

• Upon  reading  the  above  extract,  it  struck  me 
that  it  did  not  clearly  explain  in  which  leg  of 
the  instrunient  the  depression  of  the  liquid  took 
place ; and  that  the  effect,  as  described,  might  just  as 
well  be  attributed  to  the  radiation  of  heat  from 
the  blackened  ball  of  the  thermometer,  as  to  ra- 
diation to  it  from  the  moon.  To  determine  this 
doubt,  I tried  the  following  experiments  : — 

I selected  an  unexceptionable  opportunity,  26th 
of  December,  1822.  The  moon  was  in  that  part 
of  her  orbit  when  she  is  nearest  to  the  earth, 
and  was  approaching  to  the  full.  The  atmosphere 
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was  cloudless,  and  perfectly  calm.  The  smallest 
writing  was  distinctly  legible  in  the  moon-light. 
At  9 P.M.  the  temperature  of  the  air  was  28°.  I 
placed  the  black  thermometer  in  the  focus  of  the 
reflector,  and  directed  it  to  a part  of  the  sky  at  a 
distance  from  the  moon.  In  a few  minutes  it  fell 
to  20°,  and  was  stationary.  I then  turned  it  imme- 
diately towards  the  moon,  and  caused  the  focus  of 
light  to  fall  upon  the  ball  of  the  thermometer.  It 
still  remained  stationary  at  20°,  and  for  half  an 
hour,  during  which  the  rays  were  concentrated  upon 
it,  the  mercury  never  moved. 

At  11  P.M.  the  temperature  of  the  air  . 27° 
reflector  turned  from  the  moon  1 9° 

in  the  moon-beams  . 19° 

Dec.  28th,  7 P.M. 

Moon  full — atmosphere  perfectly  calm  and  clear. 

Temperature  of  the  air 24° 

Reflector  turned  from  the  moon  . . . . 15° 

in  the  moon-beams  ...  .15° 

At  11  P.M.  the  sky  became  lightly  clouded,  and  the  amount 


of  radiation  was  only  2°. 

Temperature  of  air 22o 

Radiating  thermometer  . . . . . . 20° 


Thus  it  appears  that,  so  far  from  possessing  the 
power  of  radiating  heat  to  the  surface  of  the  earth, 
the  moon  does  not  even  diminish  the  amount  of 
radiation  from  the  earth;  and  the  lightest  vapour  is 
more  efficacious  in  this  respect  than  the  concen- 
trated influence  of  the  lunar  light. 
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Observations  of  a Black  Radiating  Thermometer  in  a 
Concave  Reflector. 

Turned  to  the  North,  Angle  30°. 


Date. 

Hour. 

Temp 
of  the 
Air. 

Day. 

Night 

Diffe. 

rence 

1822 
Jan.  13 

p.m.  4 

48 

45 



- 3 

11 

45 

37 

- 8 

night 

40 

32 

- 8 

14 

a.m.  10 

42 

35 

- 7 

p.m.  4 

42 

35 

- 7 

11 

39 

30 

- 9 

night 

40 

— 

36 

- 4 

15 

a.m.  9 

40 

32 

- 8 

p.m.  11 

31 

21 

-10 

night 

30 

-- 

20 

-10 

16 

a.m.  9 

31 

22 

- 9 

p.m.  4 

31 

21 

-10 

11 

29 

— 

19 

-10 

night 

29 

— 

19 

-10 

17 

a.m.  9 

33 

33 

0 

p.m.  11 

33 

-- 

26 

- 7 

night 

32 

25 

- 7 

18 

a.m.  9 

35 

30 

- 5 

p.m.  4 

39 

34 

- 5 

11 

39 

37 

- 2 

night 

38 

33 

- 6 

19 

a.m.  9 

41 

41 

— 

0 

26 

a.m.  9 

40 

32 

.... 

- 8 

p.m.  11 

40 

35 

- 5 

night 

32 

22 

-10 

27 

a.m.  10 

34 

27 

- 7 

p.m.  4 

47 

47 

.... 

0 

11 

40 

40 

0 

night 

35 

— 

33. 

- 2 

28 

a.m.  9 

45 

43 

- 2 

p.m.  11 

41 

39 

- 2 

night 

35 

27 

- 8 

29 

a.m.  9 

37 

31 

- 0 

p.m.  11 

38 

34 

- 4 

night 

32 

— 

22 

-10 

30 

a.m.  9 

34 

26 

- 8 

p.m.  11 

34 

— 

30 

- 4 

state  of  Reflector. 


State  of  Weather. 


Spots  of  rain 


Briffht 


Bright 


Bright 


Tarnished 


Dull  and  spotted 


Spotted  with  rain 


Blacks  in  the  mirror 


Fine,  but  misty 
Ditto  ditto 
Very  fine 

Very  fine  and  clear 
Cloudless 
Light  clouds 
Ditto  ditto 
Very  clear 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Snow 
Very  fine 
Ditto  ditto 
Ditto  ditto  misty 
Ditto  ditto  ditto 
Overcast  and  dull 
Dull 

Dull  and  foggy 
Very  fine 
Dull 
Very  fine 
Ditto  ditto 
Overcast  and  dull 
Ditto  ditto 
Dull 

Mild  and  misty 
Overcast  and  dull 
Very  fine  but  misty 
Ditto  ditto 
Lightly  overcast 
Very  fine 
Ditto  ditto 
Fog 
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Observations,  continued. 


Date. 

Hour. 

Temp 
of  the 
Air. 

Jan.  30 

night 

30 

31 

a.m.  9 

35 

p.m.  11 

35 

night 

35 

Feb.  1 

a.m,  9 

42 

p.m.  11 

38 

2 

a.m.  9 

47 

p.m.  11 

49 

night 

39 

3 

a.m.  10 

44 

p.m.  11 

37 

night 

33 

4 

a.m.  9 

38 

p.m.  11 

47 

night 

38 

5 

am.  10 

49 

p.m.  11 

39 

night 

32 

6 

a.m.  10 

35 

p.m.  Hi 

41 

7 

a.m,  9 

45 

p.m.  3 

48 

11 

47 

night 

45 

^*8 

a.m.  9 

48 

p.m.  11 

45 

night 

42 

9 

a.m.  10 

47 

p.m.  11 

49 

night 

46 

10 

a.m.  10 

47 

p.m.  11 

47 

night 

41 

11  1 

a.m.  10 

44 

12  ] 

p.m.  11 

39 

night 

37 

13  1 

a.m.  9 

41 

] 

p.m.  4 

44 

night 

40 

Feb.  24  1 

a.m.  10 

46 

33 

37 

47 

39 

36 

42 

27 

43 
45 

45 

47 

45 

41 


48 


piffe- 


32 


State  of  Reflector. 


State  of  Weather. 


- 7 

- 2 

- 7 

- 7 

- 5 

- 9 
0 

- 4 
0 

- 5 

- 9 

- 8 
- 2 
- 2 
- 1 

- 7 

- 9 
-10 

- 8 
- 6 
- 2 

- 3 

- 4 

- 4 

- 3 

- 3 

- 6 
0 

- 2 

- 5 

- 2 
- 2 
- 8 


Dew  upon  lower  half 


Spotted  with  rain 


Tarnished  & spotted 


Full  of  rain 


Moisture  running  off 
the  bulb 


Hoar-frost  upon  the 
bulb  and  stem 


Tarnished 


Full  of  rain 


Spotted  with  rain 


Spotted  with  rain 


Stained 
Some  water 


Fine 

Light  clouds 
Drops  of  rain 
Fine 
Very  fine 
Ditto  ditto 
Small  rain 
Fine 
Rain 
Very  fine 
Ditto  ditto 
Ditto  ditto 
Foggy 
Overcast 
Stormy 
Fine 

Very  fine 
Ditto  ditto 
Ditto  ditto 
Dull  and  close 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Overcast  but  fine 
Ditto  ditto 
Ditto  ditto 
Overcast  and  mild 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Light  rain 
Very  fine 
Ditto  ditto 
Fog 
Ditto 

Fine  but  misty 
Ditto  ditto 
Very  fine 
Lightly  overcast 
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Observations,  8^c.,  continued. 


Date. 

Hour. 

remp 
af  the 
Air. 

Day. 

Night 

Diffe- 

rence 

Feb.  24 

p.m.  11 

48 



46 

- 2 

night 

46 

— 

43 

- 3 

25 

a.m.  10 

51 

55 

+ 4 

p.m.  11 

47 

43 

- 4 

night 

44 

— 

39 

- 5 

26 

a.m.  10 

49 

53 

+ 4 

p.m.  4 

51 

54 

+ 3 

11 

45 

41 

- 4 

night 

36 

— 

26 

-10 

27 

a.m.  10 

42 

34 

- 8 

p.m.  11 

35 

-- 

24 

-11 

night 

31 

— 

22 

- 9 

28 

a.m.  10 

34 

30 

- 4 

p.m.  5 

43 

37 

- 6 

11 

35 

26 

- 9 

night 

30 

— 

20 

-10 

Mar.  1 

a.m.  10 

34 

31 

- 3 

p.m.  11 

39 

33 

- 6 

night 

34 

^ ! 

31 

- 3 

2 

a.m.  10 

46 

47 

+ 1 

p.m.  11 

43 

36 

- 7 

11 

p.m.  4 

46 

50 

+ 4 

6 

44 

40 

- 4 

11 

37 

— 

28 

- 9 

14 

a.m.  10 

54 

60 

+ 6 

19 

a.m.  10 

56 

61 

+ 5 

5 

59 

67 

- 2 

11 

54 

51 

- 3 

night  • 

61 

46 

- 5 

20 

a.m.  10 

54 

58 

+ 4 

p.m.  6 

56 

50 

- 6 

night 

46 

37 

- 9 

21 

a.m.  10 

51 

52 

+ 1 

p.m.  5 

56 

51 

- 5 

11 

51 

49 

- 2 

night 

41 

31 

-10 

27 

a.m.  10 

52 

67 

+ 6 

p.m.  5 

56 

49 

- 7 

night 

46 

37 

- 9 

April  1 

a.m.  10 

42 

44 

+ 2 

State  of  Reflector. 


State  of  Weather. 


Bright  . . . 


Spotted  with  rain 


Hoar  frost  on  bulb 


Hoar  frost  on  bulb 


Overcast  and  dull 
Ditto  ditto 
Lightly  overcast 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Overcast,  rain 
Clearing 
Very  fine 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto,  fog 
Very  fine 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto,  fog 
Light  clouds 
Ditto  ditto 
Overcast  and  mild 
Very  fine 

Turned  to  a dense  cloud 
Very  fine 
Ditto  ditto 
Overcast  and  dull 
Lightly  overcast 
Ditto  ditto 
Ditto  ditto 
Fine 

Lightly  overcast 
Very  fine 
Ditto  ditto 
Overcast 
Very  fine 
Overcast 
Very  fine 
Overcast 
Very  fine 
Ditto  ditto 
Dense  clouds 
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Observations,  continued 


Date. 

Hour. 

Temp 
of  the 
Air. 

Day. 

Night 

Diffe- 

rence 

April  1 

p.m.  5 

46 

46 

~>i 

0 

11 

42 

32 

-10 

m 

43 

39 

- 4 

night 

39 

31 

- 8 

3 

a.m.  10 

50 

59 

+ 9 

p.m.  1 

54 

60 

— 

+ 6 

2 

53 

61 

+ 8 

3 

53 

50 

- 3 

5 

50 

42 

- 8 

11 

43 

35 

- 8 

night 

40 

— 

31 

- 9 

4 

a.m.  10 

49 

68 

+ 9 

m 

51 

61 

+10 

11 

51 

62 

— 

+11 

12 

51 

60 

+ 9 

p.m.  § 

52 

64 

.... 

+12 

1 

52 

58 

+ 6 

H 

51 

53 

+ 2 

5 

49 

47 

- 2 

11 

47 

42 

- 5 

night 

43 

34 

- 9 

. 5 

a.m.  10 

51 

62 

+11 

p.m.  5 

51 

50 

- 1 

11 

46 

37 

- 9 

night 

43 

-- 

33 

-10 

6 

a.m.  10 

52 

52 

0 

p.m.  5 

49 

49 

0 

11 

41 

31 

-10 

night 

39 

30 

- 9 

7 

a.m.  10 

45 

51 

+ 6 

night 

36 

27 

- 9 

8 

a.m.  10 

45 

46 

+ 1 

p.m.  5 

39 

39 

0 

night 

35 

30 

- 5 

15 

a.m.  10 

57 

67 

+10 

16 

p.m.  5 

54 

53 

-s. 

- 1 

11 

46 

37 

- 9 

night 

41 

— 

34 

- 7 

28 

a.m.  10 

56 

67 

+11 

night 

46 

— 

40 

- 6 

State  of  Reflector. 


State  of  Weather. 


Overcast  and  dull 
Very  fine 
Lightly  overcast 
Fine 

Lightly  overcast 

Ditto  ditto 

Ditto  ditto 

Clear 

Very  fine 

Ditto  ditto 

Ditto  ditto 

Lightly  overcast 

Ditto  ditto 

Ditto  ditto 

Ditto,  drops  of  rain 

Ditto  ditto 

Ditto  ditto 

Clearing 

Ditto 

Overcast 

Fine 

Lightly  overcast 
Ditto  ditto 
Very  fine 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Ditto  ditto 
Overcast 
Very  fine 
Ditto  ditto 
Hail  showers 
Fine 

Lightly  overcast 

Dull 

Very  fine 

Foggy 

Very  hazy 

Fine 
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AN  ESSAY 


UPON  THE 

HORARY  OSCILLATIONS  OF  THE  BAROMETER. 


The  barometric  column  was  first  observed  to  have 
a daily  periodical  vibration  between  the  tropics,  by 
the  expedition  under  the  command  of  the  unfortu- 
nate Peyrouse.  M.  Lamanon,  the  naturalist,  has 
given  an  account  of  these  observations  in  the  second 
volume  of  the  voyage,  at  page  521 . He  states  that 
from  about  the  11th  degree  of  north  latitude,  he  be- 
gan to  perceive  a certain  regularity  of  motion  in  the 
barometer,  so  that  the  mercury  stood  highest  about 
the  middle  of  the  day,  from  which  time  it  descended 
till  the  evening,  and  rose  again  during  the  night. 
As  they  approached  the  equator,  the  effect  became 
more  distinct,  and  on  the  28th  September  (1785)  a 
series  of  Experiments  were  begun  in  1°  17'  north 
latitude,  and  continued  for  every  hour,  till  the  1st 
of  October.  The  following  are  the  results  of  the 
observations  on  the  28th  and  29th. 

Sept.  28.  From  4 to  10  A.M,,  barometer  rose  0.19  inch. 


From  10  A.M.,  to  4 P.M.  fell  0.12 
From  4 to  10  P.M.  rose  0.09 

Sept.  29.  From  10  (28th)  to  4 P.M.  fell  0.13 
From  4 to  10  A.M.  rose  0.15 

From  10  A.M.  to  4 P.M.  fell  0.13 
From  4 to  10  P.M.  rose  0.10 


The  observations  on  the  30th  were  to  the  same 
effect. 

Hence  it  was  inferred  that  there  is  a periodical 
flux  and  reflux  of  the  atmosphere,  at  the  equator. 
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producing  in  the  barometer  a variation  of  about 

O. 12  inch  (English,)  corresponding  according  to 
M.  Lamanon  to  a height  in  the  atmosphere  of 
about  100  feet.  The  latitude  of  the  ship  on  the  28th, 
was  0°  50'  north;  and  0°  IT  north,  on  the  29th. 

In  the  year  1794,  Dr.  Balfour  published,  in  the 
Asiatic  Researches,  an  account  of  some  observa- 
tions made  at  Calcutta,  which  agreed  in  a remark- 
able manner  in  the  same  conclusion.  During  one 
whole  month,  he  observed  the  barometer  every  half 
hour:  the  mercury  constantly  fell  from  ten  at  night 
to  six  in  the  morning ; from  six  to  ten  in  the  morn- 
ing it  rose ; from  ten  in  the  morning,  to  six  at  night, 
it  fell  again ; and,  lastly,  rose  from  six  to  ten,  at 
night.  The  maximum  height  was  therefore  at  ten, 

P.  M.,  and  ten,  A.  M.,  and  the  minimum  at  six, 
P.  M.,  and  six,  A.  M.  The  oscillations  sometimes 
amounted  to  0.1  inch,  but  in  general  were  consi- 
derably less. 

The  observations  of  M.  de  Humboldt,  of  a later 
date,  confirm  the  existence  of  these  semi-diurnal  va- 
riations in  the  torrid  zone,  and  extend  them  to  the 
south  of  the  equator.  According  to  his  results, 
the  barometer,  generally  falls  from  ten  o’clock, 
A.M.,  till  4,  P.M.;  then  rises  again  till  ten,  P.M. 
— again  drops  till  four,  A.M.,  and  mounts  till  ten, 
A.M. 

Captain  Sabine,  also,  amongst  his  other  nume- 
rous, laborious,  and  interesting,  pursuits,  turned 
his  attention  to  this  subject,  while  between  the 
tropics,  and  has  favoured  me  with  the  following 
results  of  his  Experiments,  to  ascertain  the  amount 
of  the  horary  oscillation  at  Sierra-Leone,  St.  Tho- 
mas’, Trinidad,  and  Jamaica: — 
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It  is  not,  however,  alone  in  tropical  latitudes,  that 
these  horary  motions  of  the  barometer  may  be  de- 
tected : the  absence  of  those  disturbing  causes  which 
affect  the  atmosphere  in  temperate  climates,  and  pro- 
duce the  much  more  considerable  but  irregular  fluc- 
tuations of  the  mercurial  column,  render  them  more 
prominent  in  those  situations ; but  by  a system  of 
averages,  which  balances  the  irregularities,  the  re- 
gular movement  is  elicited,  even  when  most  con- 
cealed. M.  Ramond  found  at  Clermont-Ferrand, 
in  latitude  45°  47",  that  a mean  often  days  suffici- 
ently neutralized  the  irregular  oscillations,  and  the 
periodical  motions  were  distinctly  exhibited  in  inter- 
vals of  that  length.  The  hours  of  the  fluctuations 
were,  as  nearly  as  possible,  coincident  with  those  at 
the  equator ; but  the  effect  was  considerably  less, 
and  did  not  amount  to  more  than  0.039  inch.  The 
monthly  means  of  the  observations  made  at  the  ob- 
servatory at  Paris,  present  the  same  result,  with  a 
still  further  reduction  of  the  effect ; the  average  of 
six  years’  observations  being  .028  inch:  and, 
lastly,  my  own  meteorological  journal  exhibits  the 
horary  movements  with  great  regularity,  but  only  to 
the  average  extent  of  0.015  inch. 

Thus,  there  can  be  no  doubt  that  the  suggestion 
of  Captain  Sabine  is  correct,  that  the  amount  of 
the  atmospherical  tides  diminishes  progressively 
from  the  equator  to  the  tropics,”  and,  further,  that 
it  continues  at  a diminishing  rate,  at  least  as  far 
as  the  fifty-second  degree  of  latitude.  The  fol- 
lowing Table  presents  a synoptic  view  of  the  mean 
results. 
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TABLE  V.  Shewing  the  Mean  Periodical  Movement  of 
the  Barometer  at  different  Latitudes, 


Names  of  Places. 

North 

Latitude. 

Mean  Periodical  Movement 
of  the  Barometer. 

St.  Thomas’ 

O 

0.074  Inch. 

Sierra  Leone 

8°  29' 

0.073 

Trinidad 

10°  39' 

0.063 

Jamaica 

17°  56' 

0.058 

Clermont-Ferrand  . . 

45°  47' 

0.039 

Paris 

48°  50' 

0.028 

London  

51.31 

0.015 

There  can  no  longer,  therefore,  be  any  hesitation 
in  admitting  that,  while  the  irregular  movements  of 
the  atmosphere  and  the  general  range  of  the  baro- 
meter increase,  in  going  from  the  equator  towards 
the  poles,  there  is  a regular  concomitant  fluctuation, 
which  augments,  as  we  proceed  from  high  latitudes 
towards  the  equator.  This  phenomenon  presents 
an  universally  acknowledged  difficulty,  and  is,  as 
yet,  one  of  the  unresolved  problems  of  Meteoro- 
logical Science.  Attempts  have  been  made,  by  some, 
to  explain  it  upon  the  supposition  of  a tide  produced 
as  in  the  waters  of  the  sea ; but  the  regularity  of  its 
horary  recurrence  is  obviously  inconsistent  with  the 
notion  of  lunar  influence.  Others  have  imagined  it 
to  be  dependant  upon  the  alternations  of  land  and 
sea  breezes ; but  observations  made  in  mid-ocean, 
totally  disprove  the  fact. 

I must  solicit  indulgence  for  the  following  attempt 
to  solve  the  difficulty. 
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In  drawing  up  my  essay  upon  the  constitution  of 
the  atmosphere,  this,  amongst  the  other  phenomena, 
occupied  much  of  my  attention:  but  I have  only 
slightly  alluded  to  it  amongst  the  meteorological 
facts  in  the  third  part.  I thought  it  better,  as  it 
presented  matter  of  some  debate,  and  as  its  expla- 
nation was  not  essentially  necessary  to  the  general 
investigation,  to  reserve  its  consideration  to  a sepa- 
rate paper.  Those  who  have  had  the  patience  to 
peruse  my  first  pages,  will,  probably,  most  readily 
comprehend  the  following  ideas. 

Let  us  suppose  that  in  the  atmosphere  surround- 
ing the  earth,  a circulation  is  kept  up  between  the 
poles  and  the  equator ; and  that  the  cold  dense  air 
of  the  former  regions  flows  in  a lower  current  to  the 
latter,  while  the  elastic  air  of  the  latter  is  returned 
in  an  upper  current  to  the  former.  There  can  be  no 
difficulty  in  imagining  further  that,  as  long  as  these 
currents  are  maintained  with  regular  velocities, 
a barometer,  at  all  intermediate  stations,  might  ex- 
hibit an  equal  pressure  of  the  aerial  columns:  for  as 
much  air  would  flow  from  their  summits,  as  would 
be  returned  to  their  bases.  A general  alteration  of 
temperature  which  equally  pervaded  both  currents, 
would  produce  no  alteration  in  the  weight  of  a ver- 
tical section,  comprising  both ; nor  would  a partial 
alteration,  equally  diffused  through  the  upper  and 
under  sections  of  any  one  column.  The  velocities 
of  the  currents  would  be  partially  altered,  but  the 
higher  and  the  lower  would  still  compensate  each 
other.  But  an  alteration  of  temperature,  which  af- 
fected the  upper  and  lower  currents  unequally, 
would  produce  partial  expansions  and  contractions, 
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which  would  effect  an  unequal  distribution  of  the 
ponderable  matter.  If  the  lower  stratum  of  any 
perpendicular  section  were  expanded  by  heat,  while 
the  upper  were  unaffected,  the  outgoing  current  of 
that  section  would  be  increased,  while  the  in-coming 
current  would  be  checked ; and  the  balance  of  the 
two  being  disturbed,  the  total  weight  would  be 
diminished : and,  on  the  other  hand,  a local  decrease 
of  temperature  would  produce  the  analogous  con- 
trary effect.  Now,  the  alternations  of  heat  and  cold, 
produced  by  the  changes  of  day  and  night,  may  be 
regarded,  in  a general  way,  as  equally  affecting^both 
the  main  currents  of  the  atmosphere,  and  as  equally 
pervading  the  whole  length  of  the  aerial  columns. 
The  heating  surface  being  below,  the  warm  parti- 
cles quickly  ascend,  and  are  immediately  replaced 
by  the  colder  particles  from  above ; and,  by  this 
vertical  circulation,  the  diffusion  of  the  heat  is  very 
rapid.  But  a minuter  examination  will  satisfy  us 
that,  though  rapid,  this  action  is  not  in  effect  instan- 
taneous ; and  the  lower  stratum,  which  is  in  contact 
with  the  heating  surface,  must,  in  the  act  of  receiving 
heat,  have  its  temperature  disproportionately  aug- 
mented. 

, The  exchange  of  particles  between  the  upper  and 
lower  strata,  must  occupy  some  time,  however  small 
the  interval : the  consequence  must  be,  that  the 
barometer  will  measure  by  its  fall  the  amount  of 
this  inequality.  So,  on  the  other  hand,  in  the  pro- 
cess of  cooling,  in  the  absence  of  the  sun,  experi- 
ment has  proved,  that  the  lower  strata  of  the  air 
become  more  rapidly  affected  by  radiation  than  the 
upper,  and  the  total  increase  of  weight  from  this 


TABLE  I.  Horai'y  Oscillatio7is  of  the  Barometer,  observed  at  Sierra  Leone,  February  and  March,  1822. 


1 OBSERVATIONS. 

Differences  from  I 

the  Maximum  of  each  Day. 

j Hours 

February  23 

February  26 

February  27 

March  2 

March  20 

March  21 

March  22 

March  28 

March  20 

March  31 

F.  25 

F.  26 

F.  27 

M,  1 1 M.  2 

M.20 

M.21 

M.22 

11 

M.29 

M.31 

Average. 

1 

B„.  T..,, 

B.,.  The,. 

B,,.  The,. 

B„.  The,. 

DRr.  Ther. 

B.,.  The,. 

Bh,.  The,. 

29*820  ^ 

"oiJ 

005 

dlj  ^ " 

.008 

009  7J 

29  ma 

29.820  80. 

009  r 

! ^ 

'9 

29.920 

39.822  80.7 

29.825  81 

009  81 

an 

!n  !!!  !!  , 

29.825  82 

010 

"o 

005  - 9 

; H 
|io 
ii*5 

29.624  81.3 

29.S7S  S0.2 

29.881  78 

29.884  78 

29.929  78 

29.930  79.3 

29.908 

29.872  83.5 

29.828  81.8 

29.825  83 

29  812  81  2 

29.815  81 

29.805 

0 

- 

0 

z 

.004 

.002 

0 

005 

1 I I i 

1 ! ! i 

29.8S0  80.5 

2<LSli  83 

2!L830  82  ^ 

29.815  81.2 

29.800 

11 

!h5 

jliDOOD 

^S76  82  8 

29.828  82.5 

29.825  84 

29.815  81.5 

.008 

003 

li5 

*009  in 

29.S78  81.2 

29.875  82 

29.865  82 

29.927  78.5  * 

29.921  80.2 

29.860 

29.876  82.8 

29.795  84 

29.610  81.0 

29.830 

TO 

060 

~~ 

.030 

z 

.035 

.018  — noon 

.031  — O^P.M. 

1 , 

29.872  83 

29.820  83 

20.785  81.8 

29.82. 

.072 

.004 

1 * 

1" 

II'mo  83 

29.795  83 

29.784  82 

.022 

.074 

.035  — Vi 

.049  2 

29.S0  ^ 

29.850  84 

29.840  84 

29.876  80.6 

29.878  81 

29*750  M5 

29  815 

026 

.065 

.065 

.065 

i 

29.860  S3 

29sl  83 

29.T76  82.8 

29.760  82.6 

.044 

.0.4 

059  ~ 3" 

’ u 

29.830  81 

29.810  83 

29.80$  81 

29.750  82.8 

.070 

le? 

.064  — 3i 

\; 

29.813  81 

29.841  82 

29.868  80 

29.856  83 

29  760  83  - 

M 740  ir 

.055 

006 

070 

075 

29.850  81.4 

29.861  79.6 

.060 

.078 

.075 

.073  — 5 

.058  — 6 

'1  6 

29.825  82.5 

29.813  79 

29.846  77 

29  780 

29.737  80 

29.790 

.080 

050 

1 

.063 

.071 

.038 

.009 

29.868  80 

29.880  76 

.064 

025  L 

.5 

29.812  80 

29.790  82.2 

29.760  81.7 

29.890* 

.027 

.004 

,024 

|10 

29.865  77 

29.900  79 

29.926  79 

29.8aO  80 

29.808  83 

ay.7«U  80.7  29.002* 

,006 

022 

In  - 10 

29.870  80 

29.8)4  82.5 

29.800  80  29.930* 

1 

.019 

+ .01t 

> .003 

The  Barometer  was  suspended  in  a room  190  feet  above  the  level  of  the  sea  ; the  average  of  the  maximum  (in  the  eleven  days)  was  29.877  at  80.4,  or  30.037  at  the  same  temperature  at  the  level  of  the  sea  ; whence  30  inches  at  a temperature  of  80,  \To  Page  252. 

may  be  considered  the  corresponding  mean  height  of  the  Barometer. 


TABLE  II.  Barometrical  Observatioiis  in  Fort  CharleSi  Port  Royali  Jamaica;  Latitude  17°  56'  N.  the  Cistern  being  Six  Feet  above  the  Level  of  the  Sea. 


Height  of  the  Barometer 

Thermometer  81°  to 

85°. 

Differences  from  the  Maximum  at  the  several  hours  of  the  day. 

Oct.  22 

23 

2. 

95 

20 

27 

28 

29 

30 

Oct  22 

23 

2.1 

25 

26 

27 

28 

29 

30 

Mean 

30.053 

— ~s. 

g 

30.050 

30.070 

30  068 

10 

30-020 

30.070 

30.089 

30.078 

30.070 

30.045 

' 

’ ^ 

0 

T 

11 

30.016 

30.066 

' 30.0C0 

004 

005 

12 

.010 

.006 

Mean  . , 

, 30.039 

Being  rather 
than  the  mean 

1 P.M. 

30.008 

30.045 

30.060 

30-025 

30.042 

' 

■ 

' 

■ 

.042 

.030 

.025 

.039 

24  hours. 

29.070 

30.020 

30.018 

30.010 

.028 

.052 

30.028 

.050 

.062 

.052 

29.967 

30.005 

29.964 

30.005 

,056 

.055 

.056 

.041 

.052 

In  comparing  this  Table  with  the  siroUar  observations 
maximum  at  the  several  hours  of  the  day  are, 
diminish  progressively  iu  receding  from  the  equator  to 


Sierra  Leone,  I remark  that  the  hours  of  the  maximum  and  minimum  correspond  ; but  that  the  amount  of  the  differences  from  the 
less  at  Jamaica  than  at  Sierra  Leone,  in  Latitude  17°  66',  than  in  Latitude  8°  29'.  Does  the  amount  of  the  atmospherical  tides 


The  foUowing  maxima  and  minima  were  observed  at  Trinidad,  in  Latitude  N.  10°  39'.  The  barometer 
was  placed  in  the  Protestant  Church,  IS  feet  above  tbe  surface  of  the  sea. 


The  following  maxima  and  minima  observed  at  St.  Thomas’s 
in  lat.  N.  o°  24'. 

TABLE  IV. 


TABLE  III. 


Sept.  34. 

10  A.M.  30.028  and  at  4i  P.M.  29.972 

Diff.  .056- 

25 

10  A.M.  30,032  and  at  d-f  P.M.  29.970 

Ditr.  .062 

26 

10  A.M.  30.053  and  at  4^  P.M.  29.966 

Diff.  , 067 

.063  Ther.  83°  to  85°. 

29 

104  A.M.  30.02S  and  at  4.60  P.M.  29.962 

Diff.  .066 

Oct.  1 

lot.  30.033  and  at  4^  P.M.  29.970 

Diff.  . 063 

Dr,r. 

D,S. 

May  27 

30.077 

30.000 

.077 

2S 

30.070 

30.000 

.070 

29 

30.074. 

30.000 

.074 

Mean  height  of  the  ba- 

30 

30. 100 

30.028 

.072 

rometer  in  the  day 
30.066.  Thermometer 

June  1 

30. 150 

30.074 

.076 

Sl°  to  S6°,  21  ft.  above 

3 

30.114 

30.040 

.074 

the  level  of  thesea. 

May  2S 

30. 140 

30.065 

.075 

Means  . . 

30.103 

30.029 

.074 

appear  to  indicate  a progressive  decrement,  though  it  must  be  allowed  the  materials  for  generalization  are  scanty. 
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cause  will  be  shewn  by  the  rise  of  the  mercurial 
column. 

Let  us  endeavour  to  trace  this  effect  a little 
more  minutely  along  any  given  meridian,  begin- 
ning at  the  equator. 

At  this  station,  the  only  circumstance  which  we 
have  to  appreciate  is,  the  irregularity  of  the  lateral 
expansion  or  contraction.  As  the  earth  acquires 
warmth  from  the  sun,  the  barometer  falls ; but  the 
check  thus  communicated  to  the  in-coming  currents 
from  the  poles,  must  be  felt  along  the  whole  line  of 
their  course;  and  their  due  velocity  being  opposed, 
without  any  adequate  compensation  in  the  upper 
currents,  the  barometer,  from  this  caii^e,  would 
have  a tendency  to  rise  at  all  latitudes  between  the 
equator  and  the  pole.  Assuming  then  an  interme- 
diate station  upon  the  same  meridian,  we  should 
have  the  same  effect  produced  by  the  unequal  ex- 
pansion of  the  lower  current  of  the  atmosphere,  but 
opposed  now  by  the  impulse  communicated  from  the 
equator.  The  fall  of  the  barometer  would  only  then 
represent  the  balance  of  the  two  effects,  and  must 
be  less  than  at  the  equator.  The  further  we  pro- 
ceed towards  the  pole,  the  more  must  the  revulsive 
action  accumulate,  and  the  less  must  the  balance  of 
the  two  become,  till,  at  some  neutral  point,  they  are 
exactly  equal.  Beyond  this  point,  again,  the  former 
action  would  exceed  the  latter,  and  the  barometer 
would  rise  in  the  higher  latitudes  while  it  was 
falling  in  the  lower. 

The  following  Figure  may  possibly  tend  to  illus- 
trate these  propositions. 

s 


jEc/itafor 
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Let  the  parallelogram  abed  represent  the  lower 
current  of  air  flowing  from  the  pole  to  the  equator 
in  its  undisturbed  state,  and  the  perpendiculars 
h ij  k,  ^c.,  different  degrees  of  latitude.  Let 
the  lesser  parallelogram  a b ef  he  the  equal  dimi- 
nution of  weight  which  would  arise  from  the  partial 
expansion  by  the  increase  of  daily  temperature,  and 
the  triangle  e g f the  gradually  increasing  density 
arising  from  the  retardation  of  the  current.  The 
rise  and  fall  of  the  barometer  on  either  side  of  the 
neutral  point  k would  then  be  represented  by  the 
portions  of  the  perpendiculars  included  between  the 
hypothenuse  e g and  the  side  of  the  parallelogram  a b. 

The  results  of  observations  in  different  latitudes, 
included  in  the  preceding  Table,  obviously  coin- 
cide with  such  a gradual  progress  towards  a neutral 
point;  but  we  have  as  yet  no  experiments  to  prove 
the  corresponding  opposite  effect  beyond  this  limit. 
Whilst  considering  this  subject,  it  occurred  to  me, 
that  Captain  Parry’s  observations  at  Melville 
Island,  might  possibly  afford  some  light  upon  this 
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interesting  point.  Upon  consulting,  however,  the 
meteorological  register,  as  published  in  his  Journal, 
I was  disappointed  to  find,  that  it  only  recorded  the 
maximum  and  minimum  height  of  the  barometer  in 
the  twenty-four  hours  without  mentioning  the  periods 
of  their  recurrence.  I happened,  very  fortunately,  to 
discourse  with  Captain  Sabine  upon  the  subject, 
and  he  assured  me,  that  the  observations  were  made 
and  entered  four  or  six  times  a day  with  the  utmost 
regularity,  and  very  obligingly  offered  to  apply  to 
the  Admiralty  for  liberty  to  inspect  the  manuscript. 
His  application  was  immediately  complied  with,  and 
I was  favoured  with  the  loan  of  the  original  registers. 

I found,  upon  inspection,  that  the  Journal  had 
been  kept  with  the  greatest  precision,  and  the 
height  of  the  barometer  had  been  entered,  during 
part  of  the  time,  at  four  regular  periods,  viz.,  6 A.M., 
noon,  6 P.M.,  and  midnight ; and  the  remainder  of 
the  time  six  times  in  the  twenty-four  hours,  viz.,  4 
A.M.,8  A.M.,  noon,  4 P.M.,  8 P.M.,  and  midnight.  I 
immediately,  with  the  utmost  interest,  undertook  the 
arrangement  of  the  observations  to  suit  my  pur- 
pose. I selected  the  twelvemonth  from  Sept.  1819, 
to  August  1820,  during  which  time  the  Hecla  was 
constantly  between  latitudes  74°  and  75°,  and  the 
greater  part  frozen  up  in  Winter  Harbour.  The 
following  Tables  exhibit  the  results  of  my  calcula- 
tions. The  first  contains  the  monthly  mean  heights 
of  the  barometer  and  thermometer,  taken  four  times 
in  the  day  from  September  to  February  and  part  of 
March,  and  the  second  the  monthly  means  taken 
six  times  in  the  day,  from  the  latter  part  of  March  to 
August  inclusive. 
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These  Tables  present  a complete  confirmation  of 
the  opinion  which  I had  formed  from  theory. 

In  the  first,  including  the  winter  half  year,  it  will 
be  observed,  that  the  mean  temperature  scarcely 
varied  between  noon  and  midnight,  the  effect  of  the 
remote  equatorial  expansion  was  therefore  unop- 
posed, and  the  barometer  constantly  rose  from 
6 A.M.  to  6 P.M.,  in  coincidence  with  the  fall  in 
the  lower  latitudes.  From  6 P.M.  to  6 A.M.  it  as 
regularly  fell. 

In  the  second  half  of  the  year,  while  the  sun  was 
above  the  horizon,  the  daily  variations  of  tempera- 
ture were  considerable,  and  the  effect  less  regular ; 
but,  nevertheless,  the  barometer  constantly  rose 
from  noon  to  8 P.M.,  and  then  descended  to  mid- 
night. 

I am  enabled,  by  the  publication  of  the  account 
of  the  Expedition  to  the  Rocky  Mountains  of  Ame- 
rica, under  the  command  of  Major  Stephen  Long, 
to  subjoin  from  their  Meteorological  Journal,  for  the 
same  year,  a comparison  of  the  motions  of  the  ba- 
rometer at  three  different  periods  of  the  day,  almost 
upon  the  same  meridian,  and  at  a distance  of  33° 
of  latitude.  The  expedition  took  up  their  winter 
quarters  at  “ Engineer  Cantonment,”  in  latitude 
41°25'  N.,  and  longitude  95°43'  W.,  almost  the 
centre  of  the  great  North  American  Continent,  and 
the  following  Table  contains  my  calculations  of  the 
means  of  the  observations  made  during  their  stay 
in  this  situation. 


ON  BOARD  THE  HECLA,  between  Latitude  74®  and  75°. 

TABLE  VI.  Shewing  the  Mean  Height  of  the  Barometer  and  Thermometef  at  Pour  different  Hours  of  the  Day  at  Melville  Island. 


1819 

6 

4.  M. 

Noon. 

6 P, 

M. 

Midnight. 

sptember  . . 

Temperature 

+ 21.5 

—29.884 

+ 29.906 

Temperature 

+ 23.7 

+ 29.920 

Temperature 

+ 22.7 

Temperature 

+ 21.3 

—29,890 

ctober.  . . . 

- 4. 

— 29.777 

+ 29.808 

- 2.8 

+ 29.840 

— 3.9 

- 5, 

—29.825 

ovember  . . 

-21. 

-29.935 

+ 29.946 

—20.  1 

+ 29.946 

-20.  1 

-21.2 

-29.937 

ecember  . . 

--23. 

-29.874 

-29.872 

-21. 

+ 29.881 

—21.1 

-21.6 

—29.893 

inuary  . . . 

—30.3 

-30.040 

— 30.036 

— 30. 

+ 30.068 

-29.9 

-30,4 

-30.063 

sbruary  . . . 

-32.8 

—29.741 

+ 29,758 

CO 

d 

eo 

1 

+ 29.782 

-32.6 

-33.5 

—29.771 

!arch  .... 

— 19.  1 

— 29.551 

+ 29.561 

-14.5 

+ 29.614 

-18.5 

-20.5 

—29.571 

10  Ds.) 

208.802 

208.887 

209.051 

208.950 

29.8288 

29.8410 

29.8644 

29.8500 

Max.  6 P.  M.  . . 29.8644 

— .0212 

+ .0122 

+ . 0234 

— .0144 

Min.  6 A.M.  . . 29.8288 

Difference  . 0356 

TABLE  VII.  Shewing  the  Mean  Height  of  the  Barometer  and  Thermometer  at  Six  different  Hours  of  the  Day  at  Melville  Island. 


1819 

4 A.  M. 

8 A.  M. 

Noon. 

4 P.  M. 

8 P. 

M. 

Midnight. 

Temperature 

Temperature 

Temperature 

Teuiperature 

arch  .... 

-29.894 

-29.885 

— 29.880 

+ 29.902 

+ 29.906 

+ 29.  910 

pril 

-29.963 

— 9.2 

+ 29.976 

— 29.971 

— 3.7 

+ 29.973 

+ 29.988 

- 8.  1 

-12.8 

— 29.987 

ay 

+ 30.116 

+ 15. 

+ 30  119 

—30.099 

+ 20.3 

30.099 

+ 30. 109 

+ 18.2 

(-13. 1 

30. 109 

me 

+ 29.826 

+ 36.3 

+ 29.828 

-29.821 

+ 38.6 

+ 29.823 

+ 29.819 

+ 36.5 

H 

(-33.6 

-29.817 

‘ly 

+ 29.668 

+ 42.5 

+ 29.675 

-29.674 

+ 45. 

+ 29.663 

+ 29.665 

+ 42  7 

(-39.  1 

-29.660 

igust  .... 

— 29.733 

+ 32.7 

-29.727 

—29.734 

+ 35.5 

+ 29.737 

+ 29.738 

+ 32. 

H 

(-30.5 

— 29.735 

179.200 

179. 210 

179. 179 

179. 197 

179.225 

179.218 

29.8666 

29.8683 

29.8631 

29. 8661 

29.8708 

29.8696 

Max.  8 P.  M . . 29.8708 

- . 0030 

+ .0017 

- . 0052 

+ .0030 

+ . 0047 

— .0012 

Min.  noon  . . . 29.86S1 

Difference  . 0077 

To  fuee  Page  260. 
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Notwithstanding  the  height  of  this  latter  station 
above  the  sea,  we  still  find  the  same  principle  pre- 
vail, and  it  is  satisfactory  to  discover  amongst  so 
many  various  circumstances,  whose  influence  upon 
the  results  are  at  present  unknown,  that,  in  accord- 
ance with  the  theory,  on  the  same  hours  of  the  same 
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months,  the  barometer,  upon  nearly  the  same  meri- 
dian, periodically  rose  in  latitude  74°47',  and  fell 
in  latitude  41°25'. 

It  must  be  acknowledged  that  much  remains 
to  be  done  for  the  complete  elucidation  of  this 
subject. — Much,  that  is  not  difficult  of  perform- 
ance, but  requires  extensive  co-operation,  and  some 
nicety  of  observation.  Had  the  numerous  me- 
teorological registers,  which  have  hitherto  been 
published,  been  kept  with  that  exactness  and  that 
attention  to  the  accuracy  of  the  instruments  em- 
ployed, which  is  so  necessary  in  scientific  pursuits, 
the  data  for  these  and  for  other  highly  important 
calculations  would  have  been  already  abundant: 
but,  notwithstanding  the  multitude  of  labourers  em- 
ployed in  this  interesting  field,  there  is  a want 
of  unity,  and  especially  a carelessness,  in  their 
exertions  which  render  them  totally  unavailing  to 
the  nicer  purposes  of  the  science.  Let  the  meteo- 
rologist inquire  by  what  means  it  is,  that  astro- 
nomy, the  sublimest  of  all  the  sciences,  has  at- 
tained to  its  present  wonderful  state  of  perfection  ; 
and  he  will  find  that  it  is  by  the  most  microscopic 
attention  to  the  perfecting  of  its  instruments  of  re- 
search, and  by  the  most  faithful  precision  of  unre- 
mitting observations  ; and  let  him  be  assured  that 
it  is  only  by  the  same  painful  care  to  miniiticey 
that  his  own  favourite  science  will  ever  be  raised 
to  that  standard  of  exactness  of  which  there  can  be 
no  doubt  that  it  is  susceptible,  but  from  which 
it  is  to  be  lamented  that  it  is  at  present  so  far 
removed. 


AN  ESSAY 


UPON  THE 

CLIMATE  OF  LONDON. 


After  the  very  interesting  and  laborious  work 
of  Mr.  Howard,  upon  the  climate  of  London,  it  may, 
at  first  sight,  appear  presumptuous  in  me  to  claim 
attention  upon  a subject  which  has  been  so  ably 
and  so  extensively  pre-occupied:  but  when  it  is 
considered  that  that  able  philosopher  was  unpro- 
vided with  any  sufficient  means  of  measuring  the 
quantity,  or  estimating  the  changes  of  the  sea  of 
vapour  which  necessarily  permeates  and  pervades 
every  part  of  the  great  aerial  firmament ; and  when 
it  is  borne  in  mind,  that  one  of  the  main  springs  of 
all  the  wonderful  motions  of  the  air,  and  the  changes 
of  the  weather,  is  the  slow  and  silent  influence  of 
the  aqueous  steam  ; I shall  be  excused  for  attempt- 
ing to  elucidate,  from  experiments,  a part  of  the 
subject  so  important,  but,  hitherto,  so  neglected. 

Its  connexion  with  the  vegetable  kingdom,  and 
with  all  the  most  important  processes  of  the  agri- 
culturist, must  be  evident  to  the  most  superficial  ob- 
server ; and  it  is  more  than  probable,  that  it  will  be 
found  of  equal  importance  to  those  who  make  a 
study  of  the  complicated  processes  of  the  animal 
economy. 

It  has  ever  been  a favourite  speculation  with  phi- 
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losophers  to  trace  in  the  constitution  of  the  atmo- 
sphere the  origin  of  some  of  the  diseases  which  affect 
the  human  race.  The  discovery  of  pneumatic  che- 
mistry, and  the  new  means  of  questioning  nature, 
which  it  put  into  their  hands,  seemed  at  first  to 
promise  a solution  of  this  interesting  problem  ; and 
hopes  were  entertained  that  the  cause  of  epidemic 
and  local  complaints  might  be  found  in  the  varying 
elements  of  the  compound  air  we  breathe.  The 
eudiometric  processes  which  were  immediately  insti- 
tuted and  repeated  in  every  part  of  the  world, 
proved,  however,  the  unvarying  proportions  of  the 
permanent  gases  of  which  it  is  composed.  It  is 
not,  therefore,  irrational  to  suppose  that  an  accurate 
method  of  estimating  the  varying  quantity  of  aqueous 
vapour  in  the  elastic  medium  which  surrounds  us, 
which  is  the  only  fluctuating  ingredient  of  its  compo- 
sition, may  lead  to  some  useful  hints  upon  this  im- 
portant subject.  Certain  it  is,  that  some  indications 
of  this  kind  may  be  perceived  even  by  the  healthy, 
and  those  who  are  not  conversant  with  the  progress 
of  disease.  There  are  days  on  which  even  the  most 
robust  feel  an  oppression  and  languor,  which  are 
commonly  and  justly  attributed  to  the  weather; 
while  on  others  they  experience  exhilaration  of  spi- 
rits, and  an  accession  of  muscular  energy.  The  op- 
pressive effect  of  close  weather  and  sultry  days,  may 
probably  be  accounted  for  from  the  obstruction  of 
the  insensible  perspiration  of  the  body,  which  is 
prevented  from  exhaling  itself  into  the  atmosphere, 
already  surcharged  with  moisture ; while  unimpeded 
transpiration  from  the  pores,  when  the  air  is  more 
free  from  aqueous  vapour,  adds  new  energy  to  all 
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the  vital  functions.  In  bodies,  debilitated  by  dis- 
ease, indeed,  the  contrary  effects  may  be  produced: 
they  may  be  unable,  from  weakness,  to  support  the 
drain  of  free  exhalation  which  is  exhilarating  to  the 
healthy ; and  hence,  probably  arises  the  benefit  of 
warm  sea-breezes  in  cases  of  consumption,  and  dis- 
eases of  the  lungs.  Observations  upon  climate, 
with  a more  particular  regard  to  the  hygrometric 
state  of  the  atmosphere,  may  reasonably  be  ex- 
pected, amongst  other  certain  advantages,  to  throw 
some  light  upon  the  treatment  of  these  complaints  ; 
and  may,  perhaps,  teach  us  to  construct  an  artificial 
atmosphere,  of  greater  efficacy  than  any  that  has  yet 
been  recommended,  in  cases  when  the  relief  of  local 
change  may  be  impossible. 

The  foundation  of  the  following  attempt  is  a se- 
ries of  observations  unremittingly  continued  three 
times  in  the  day  for  three  years ; a period  of  time 
which,  though  it  may  not  entitle  me  to  say  that  it 
includes  all  the  changes  occasioned  by  the  revolu- 
tion of  the  seasons,  is  sufficiently  long  to  furnish, 
by  the  system  of  averages,  a very  near  approxima- 
tion to  the  distinguishing  characters  of  the  climate. 
I have  assumed  the  data  as  furnished  by  my  own 
experience,  and  it  is  gratifying  to  find  that,  with  the 
barometer  and  thermometer,  my  results  agree  very 
closely  with  those  of  Mr.  Howard,  who  has  founded 
his  calculations  upon  a long  series  of  years,  and  to 
whose  conclusions,  in  cases  of  discrepancy,  I will- 
ingly cede  the  preference  which  is  due.  The  ge- 
neral accordance  between  us,  however,  upon  these 
points,  encourage  me  to  presume  that  the  indica- 
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tions  of  the  hygrometer  will  not  be  found  to  differ 
very  far  from  the  real  mean. 

I shall  proceed,  first,  to  consider  the  general  cha- 
racters of  the  climate,  as  derivable  from  the  ave- 
rages of  the  three  years  together;  and  I shall  then 
endeavour  to  institute  a comparison  of  the  separate 
years  with  the  mean,  and  with  each  other. 

I shall  not,  now,  enter  into  any  detailed  account 
of  the  instruments  employed,  or  the  mode  of  placing 
and  observing  them;  I shall  reserve  for  another 
place,  a few  observations  upon  the  precautions 
which  ought  to  be  taken  in  making  meteorological 
observations,  and  shall  only  here  assume  credit  for 
moderate  care  in  these  particulars.  I must,  how- 
ever, premise,  that  the  times  of  the  day,  denoted  by 
morning,  afternoon,  and  night,  were,  for  the  first, 
from  eight  to  ten  o’clock,  A.M. ; for  the  second,  from 
half-past  three  to  half-past  five,  P.M. ; and,  for  the 
third,  from  ten  to  half-past  eleven,  P.M. 

The  mean  pressure  of  the  total  atmosphere,  de- 
noted by  the  barometer,  I find  to  be  29.881  inches. 
The  mean  of  twenty  years,  deduced  by  Mr.  Howard 
from  the  observations  of  the  Royal  Society,  is 
29.8655  inches.  The  mean  temperature  derived 
from  the  daily  maxima  and  minima  of  the  thermome- 
ter, is  49.5°,  which  corresponds  even  to  the  decimal 
place,  with  Mr.  Howard’s  estimate.  The  mean  dew 
point  I consider  44,5°,  it  being  also  calculated  from 
the  daily  maxima  and  minima.  The  elastic  force 
of  the  vapour  is,  therefore,  0.334  inch,  and  a cu- 
bic foot  of  the  air  contains  3.789  grains  of  moisture. 
The  degree  of  dryness  is  represented  by  5°  upon 
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the  thermometric  scale,  and  the  degree  of  moisture 
by  850,  upon  the  hygrometric  scale.  The  average 
quantity  of  rain  is  22.199  inches,  and  the  amount  of 
evaporation,  calculated  from  the  hygrometer,  23.974 
inches.  The  weight  of  water,  raised  from  a circular 
surface  of  six  inches  diameter,  is  0.31  grain  per 
minute. 

The  accordance  of  this  method  of  estimating  the 
amount  of  evaporation  with  the  results  of  actual 
measurement  is  gratifying,  and  proves  most  incon- 
testibly  the  accuracy  of  the  calculations  upon  which 
it  is  founded.  From  the  mean  of  four  years,  the 
gauge  being  upon,  or  near,  the  ground,  Mr.  Howard 
found  that  the  annual  results  averaged  21.46  inches. 
Of  these,  one_  year,  the  summer  of  which  was  hot 
and  dry,  afforded  25.  inches,  and  when  it  is  consi- 
dered that  two  out  of  the  three  summers  now  in 
question  were  likewise  distinguished  by  a high 
temperature,  the  coincidence  becomes  very  striking. 

The  range  of  the  barometer  is  from  30.82  inches 
to  28.12  inches;  the  range  of  the  dew-point  from 
70°  to  11°.  The  pressure  of  the  vapour  varies  with 
it  from  0.770  inch,  to  0.103  inch.  The  maximum 
temperature  of  the  air  is  90°,  the  minimum  11°. — 
The  force  of  radiation  from  the  sun  averages  23.3° 
in  the  day,  and  the  force  of  radiation  from  the  earth 
at  night  4.6°:  the  highest  temperature  of  the  sun’s 
rays,  is  154°,  and  the  lowest  temperature  on  the 
surface  of  the  earth  5°.  The  greatest  degree  of 
dryness  is  29°,  or  the  least  degree  of  moisture  upon 
the  hygrometric  scale  389.  The  time  of  the  day 
influences  in  some  degree  all  the  mean  results.  One 
of  the  most  constant  effects  is  that  produced  upon 
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the  barometer.  The  mercurial  column  reaches  its 
maximum  height  in  the  morning,  declines  to  its 
minimum  in  the  afternoon,  and  again  rises  at  night. 
The  average  difference  of  these  periods,  as  exhibited 
by  the  journal,  are  as  follow: — Morning  above 
night, + .005  inch. — Afternoon  below  morning,— 
.015  inch. — Night  above  the  afternoon,  + .010  inch. 
— The  means  of  the  monthly  observations,  present 
' but  one  or  two  exceptions  to  the  fall  in  the  middle 
of  the  day,  or  to  the  rise  from  afternoon  to  night, 
but  the  rise  from  night  to  morning  is  not  quite  as 
constant. 

With  respect  to  the  dew-point,  it  may  be  consi- 
dered that  the  journal  includes  four  daily  observa- 
tions ; for  the  observation  of  the  minimum  tempera- 
ture of  the  air,  which  constantly  falls  a few  degrees 
below  the  term  of  precipitation  taken  in  the  day, 
must  obviously  be  included.  From  morning  to  af- 
ternoon, it  rises  but  0.3  of  a degree ; from  after- 
noon to  night,  it  falls  0.9  of  a degree,  and  below  this 
again,  the  minimum  temperature  is  2.7°,  and  the 
mean  is  calculated  from  the  latter,  and  the  afternoon 
observation. 

The  temperature  of  the  air  varies  in  the  twenty- 
four  hours  from  56.1°,  its  mean  maximum,  to  42.5° 
its  mean  minimum.  The  mean  temperature  of  a 
climate,  is  generally  regarded  as  made  up  of  the 
average  impression  of  the  sun  due  to  its  latitude, 
upon  the  surface  of  the  globe.  The  mean  quantity 
of  aqueous  vapour  must  also  be  referable,  finally,  to 
the  same  principle.  But  there  is  another  way  of 
considering  the  subject  more  accurate  in  detail, 
though  upon  an  average  of  years  ending  in  the 
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same  conclusion : that  is,  to  regard  the  mean  tempe- 
rature as  made  up  of  the  temperature  of  different 
currents  flowing  from  different  points  of  the  com- 
pass ; and  it  will  be  necessary  to  my  purpose  to  con- 
template the  atmosphere  of  vapour  particularly,  in 
this  point  of  view.  The  medium  dew-point  44.5° 
is  therefore  made  up  of  the  following  proportions  of 
the  means  from  eight  points  of  the  wind — 

87  North  40.P  — 133  north-east  40.7°. 

80  East  42.3°— 111  south-east  45.6“. 

70  South  48.7° — 225  south-west  48.6°. 

215  West  44.8°-174  north-west  41.3°. 

Before  I enter  upon  the  consideration  of  the  effect 
of  the  sun’s  progress  in  declination,  and  the  suc- 
cession of  the  seasons,  I shall  endeavour  to  point 
out  the  influence  of  the  geographical  situation  of  the 
island  of  Great  Britain  upon  its  aqueous  atmosphere. 
The  mean  quantity  of  the  vapour  follows  exactly 
the  changes  of  the  mean  monthly  temperature,  that 
is  to  say,  the  dew-point  rises  and  falls  with  the  in- 
crease and  the  decrease  of  the  heat.  But  the  winds 
which  transport  the  vapour  may  be  divided  into  two 
classes ; namely,  the  land  winds  which  blow  from 
off  the  great  continent  of  Europe,  and  which  com- 
prise the  north-east,  the  east  and  south-east ; and 
the  sea-winds  which  blow  from  the  great  oceans 
which  surround  it  on  every  other  side ; namely,  the 
north,  north-west,  west,  south-west,  and  south.  In  the 
former,  we  may  expect  to  find  that  the  course  of 
the  mean  temperature  is  exactly  followed ; for  the 
sources  of  the  vapour  must  be  comparatively  shal- 
low streams,  and  reservoirs  of  water,  whose  tempe- 
rature must  soon  adapt  itself  to  that  of  the  sur- 
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rounding  air.  But  in  the  unfathomable  depths 
which  supply  the  latter,  the  law  by  which  the 
density  of  water  is  regulated,  must,  at  particular 
seasons,  maintain  a temperature  above  the  mean  of 
the  declining  season ; whilst  at  others,  the  increasing 
heat  of  the  latter  must  outstrip  the  progress  of  the 
former.  The  following  Table  contains  the  dew- 
point of  the  several  winds,  divided  into  the  two 
classes  for  every  month  in  the  year,  beginning  with 
the  autumnal  quarter. 

TABLE  I.  Shewing  the  Difference  of  the  Dew-point  in 
the  Land  and  Sea-winds, 


Land  Winds. 
NE.  E.  SE. 

Sea  Winds. 

N.  NW.  W.  SW.  S. 

o 

o 

September  . . 

53 

53 

October .... 

45 

46 

November  . . 

41 

42 

December  . . 

31 

^37 

January  . . . 

29 

35 

February  . . . 

31 

/ 

35 

March  .... 

34 

3S 

April 

45 

42 

May 

47 

^44 

June 

54 

54 

July 

52 

55 

August  .... 

56 

57 

And  here  the  effect  anticipated  is  clearly  percep- 
tible. The  vapour  of  the  land-winds,  it  will  be 
seen,  declines  in  force  from  September  to  January, 
in  which  month  it  reaches  its  minimum,  and  from 
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that  point  gradually  rises  till  it  reaches  its  maxi- 
mum in  August;  and  this,  it  will  be  afterwards 
seen,  is  the  exact  progress  of  the  mean  temperature 
of  the  air.  In  the  sea-winds  the  vapour  follows  the 
same  course  from  September  to  November,  and 
the  balance  is  such,  that  the  elastic  force  of  both 
divisions  is  nearly  the  same.  The  north  and  south 
winds  neutralize  each  other,  and  the  north-west, 
west,  and  south-west,  are  equivalent  to  the  north- 
east, east,  and  south-east.  Having  descended  to 
about  40°,  which  is  somewhere  about  the  point  of 
the  greatest  density  in  water,  in  November,  the  ac- 
cordance proceeds  no  further.  In  December,  the 
vapour  from  the  land  has  descended  six  degrees 
below  that  from  the  sea,  and  the  dijBPerence  conti- 
nues in  January.  In  February  the  former  rises 
two  degrees,  and  the  latter  remains  stationary.  The 
difference  of  four  degrees  continues  through  March, 
and  is  diminished  to  three  degrees  in  April  and 
May.  In  June,  they  again  attain  their  former 
equality.  The  reason  of  this  is  obvious;  the  tem- 
perature of  40°,  being  that  of  the  greatest  density, 
cannot  be  lowered  till  the  whole  mass  of  the  waters 
has  passed  this  term ; and  in  the  deep  seas,  this 
must  necessarily  be  a process  of  some  duration. 
The  shallow  waters,  on  the  contrary,  soon  assume 
the  temperature  of  the  ambient  air,  and  continue  to 
decline  with  it  in  heat.  Upon  the  return  of  spring 
the  contrary  effect  is  produced.  The  great  deeps 
must  again  repass  the  fortieth  degree  before  the 
superficial  waters  can  take  the  higher  temperature 
of  the  incumbent  atmosphere.  The  consequences 
we  should  expect  from  this  progression,  would  be 
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an  increase  of  humidity  in  December,  and  January, 
and  a rapid  decrease  in  the  four  following  months ; 
an  expectation  which  we  shall  find  correct  in  our 
further  investigation. 

There  is  another  law  of  the  aqueous  fluid,  which 
we  might  also  expect  to  have  an  influence  upon  the 
emission  of  its  steam — ^the  evolution,  namely,  of 
heat  in  the  process  of  congelation  and  its  absorption 
during  the  liquefaction  of  ice.  The  British  isles 
are  placed  in  such  a position,  as  would  induce  us 
to  suppose  that,  at  particular  seasons  of  the  year, 
this  influence  might  be  perceptible  in  one  direction 
more  than  in  any  other.  We  may  bring  this  idea 
to  the  test,  by  comparing  together  the  northerly  and 
southerly  winds,’  as  is  done  in  the  following  Table: — 

TABLE  II.  Shewing  the  Effect  of  the  Ice  in  the  North 
Seas  upon  the  Deux-point, 


Southerly. 

SW.  S.  SE. 

Northerly. 

NE.  N.  NW. 

September  . . 

o 

58 

o 

48 

October.  . . . 

51 

41 

November  . . 

47 

37 

December  . . 

42 

32 

January  ... 

38 

31 

February  . . . 

36 

31 

March  .... 

42 

32 

April 

47 

40 

May 

’51 

41 

June 

58 

50 

July 

58 

50 

August  .... 

60 

54 
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Here  we  may  observe,  that  the  decline  of  the 
vapour  from  September  to  December  is  exactly 
equal  in  both  classes,  but  from  that  time  it  ceases 
about  the  temperature  of  32°  in  the  northerly  winds, 
and  continues  in  the  southerly  to  the  month  of 
February.  In  March,  again,  the  temperature  of  the 
latter  has  increased  from  the  minimum  6°,  but  in 
the  former  it  still  remains  at  32°.  In  April,  on  the 
contrary,  the  increase  in  the  northerly  winds  ex- 
ceeds that  of  the  southerly;  and  in  May,  they  have 
again  attained  their  original  relative  distances,  and 
resume  their  parallel  progression.  It  would  be 
difficult,  I think,  to  assign  any  other  cause  for  this 
modification  of  the  phenomena  than  the  one  which 
has  just  been  suggested.  The  evolution  of  heat,  in 
the  process  of  freezing,  stops  the  decline  of  tempe- 
rature in  the  regions  exposed  to  its  influence^  while 
it  proceeds  in  those  which  are  not  exposed  to  the 
change  ; and  the  absorption  of  heat,  in  the  operation 
of  thawing,  prevents  the  accession  of  temperature, 
which  is  due  to  the  returning  influence  of  the  sun. 
When  this  operation  has  ceased,  the  vapour  quickly 
attains  its  former  relative  degree  of  force.' 

Wonderful  adjustments  these,  to  mitigate  the 
rigours  of  a northern  climate ! They  both  operate 
from  November  to  February,  by  the  evolution  of 
heat  in  the  coldest  season  of  the  year ; and  at  the 
same  time,  by  an  extra  supply  of  vapour,  decrease 
the  degree  of  dryness,  and  prevent  the  consump- 
tion of  heat  which  always  attends  the  process  of 
evaporation. 

Let  us  now  endeavour  to  trace  the  order  from 
which,  “ while  the  earth  remaineth,  seed-time  and 
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harvest,  and  cold  and  heat,  and  summer  and  winter, 
and  day  and  night,  shall  not  cease.” 

In  the  month  of  January,  the  first  month  of  the 
year,  but  which,  in  the  most  natural  division  of  the 
seasons,  constitutes  the  second  month  of  the  winter 
quarter,  heat  is  at  its  minimum  in  all  its  particulars. 
The  mean  temperature  is  36.1°,  varying  from  39.6°, 
the  mean  highest,  to  32.6°,  the  mean  lowest;  the 
, utmost  range  of  the  thermometer  being  from  52°  to 
11°.  The  average  power  of  the  sun  is  4.4°,  and 
the  utmost  intensity  of  its  rays  12°.  The  cold, 
produced  by  radiation  from  the  earth,  is  3.5°,  and 
the  greatest  effect  10°. 

The  mean  force  of  the  vaporous  atmosphere  is 
also  at  its  lowest  point,  0.234  inch,  the  dew-point 
being  34.3°.  The  mean  degree  of  dryness,  calculated 
from  the  mean  temperature  and  the  mean  dew- 
point, is  1.8°,  and  the  state  of  the  air’s  saturation 
939.  The  average  degree  of  greatest  daily  dry- 
ness is  3.5°,  and  that  of  least  saturation,  878. 

The  quantity  of  rain  in  this  month  greatly  ex- 
ceeds the  amount  of  evaporation,  the  former  being 
1.483  inch,  and  the  latter,  at  its  minimum,  0.413 
inch. 

The  height  of  the  barometer  is  29.921  ^ and  its 
mean  range  1.60  inch. 

In  the  month  of  February  the  mean  temperature 
increases  to  38°,  nearly  two  degrees.  This  accession 
takes  place  principally  while  the  sun  is  above  the 
horizon ; the  maximum  temperature  rising  to  42.4°, 
nearly  three  degrees,  while  the  minimum  only  ad- 
vances about  one  degree  to  33.7°.  This  difference 
is  partly  owing  to  the  increased  influence  of  ra- 
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diation  under  a less  clouded  sky,  which  dissipates 
the  accumulated  heat;  the  temperature  of  the  ra- 
diant thermometer  averaging  29°,  one-tenth  of  a 
degree  lower  even  than  in  January.  The  greatest 
force  of  radiation  is  10°,  as  before,  but  the  average 
effect  is  increased  to  4.7°.  The  power  of  the  sun 
rises  to  10.1°,  and  its  greatest  intensity  to  36°. 
The  range  of  the  diurnal  temperature  of  the  air  is 
from  53°  to  21°. 

The  dew-point  advances  to  34.9°,  only  0.6  of  a 
degree ; the  peculiar  laws  of  the  evaporating  fluid 
keeping  it  back,  as  before  explained.  The  force  of 
the  vapour  is  0.239  inch.  The  consequence  of 
this  retardation  is,  that  the  mean  degree  of  dryness 
advances  to  3.1°,  and  the  hygrometric  state  of  the 
air  falls  to  905.  The  average  degree  of  greatest 
dryness  is  6.1°,  and  that  of  least  saturation  816. 

The  quantity  of  rain  is  at  its  minimum,  being 
0.746  inch,  which  is  very  little  more  than  0.733 
inch,  the  amount  carried  off  by  evaporation. 

The  mean  pressure  of  the  atmosphere  is  30.067 
inches,  and  the  range  of  the  barometer  1 .36  inch. 

With  the  month  of  March  commences  the  spring 
quarter,  the  seed-time  of  the  husbandman,  when 
it  is  so  important  to  the  interests  of  agriculture  that 
the  superfluous  moisture  should  be  exhaled  from 
the  earth,  which  would  prevent  the  proper  prepa- 
ration of  the  soil,  and  destroy  the  germinating  prin- 
ciple of  the  grain.  By  a wise  Providence,  there- 
fore, the  temperature  of  this  month  advances  six 
degrees,  while  the  dew-point  rises  only  four, 
checked  by  the  same  cause  which  began  to  restrain 
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it  in  the  last  month.  The  mean  temperature  is 
43.9°,  and  the  point  of  precipitation  39°  ; making 
the  degree  of  dryness  4.9°,  and  reducing  the  mois- 
ture of  the  air  to  831.  The  elasticity  of  the  vapour 
is  .272  inch.  The  evaporation  is  rather  more  than 
doubled,  amounting  to  1.488  inch,  and  exceeding 
the  quantity  of  rain,  which  is  1.440  inch.  The 
average  degree  of  greatest  dryness  is  9.6,  and  that 
of  least  saturation  715. 

It  is  still  during  the  day  that  the  heat  accumu- 
lates most,  the  maximum  rising  to  50.1,  and  the 
minimum  to  37.7,  an  increase  of  7.9°  in  the  former, 
and  only  4°.  in  the  latter.  The  temperature  of  the 
air  ranges  from  66°  to  24°.  The  amount  of  radia- 
tion is  5.5°,  an  increase  of  nearly  one  degree,  but 
(ts  maximum  effect  is  10°,  as  before.  The  force  of 
the  sun’s  direct  rays  is  49°,  and  their  mean  maxi- 
mum effect  16°, 

Tlie  height  of  the  barometer  is  29.843,  and  its 
range  1.26  inch. 

In  April,  the  mean  temperature  of  the  air  rises 
six  degrees  to  49.9°,  and  the  constituent  tempera- 
ture of  the  vapour  only  4.5°  to  43.5°,  making  the 
amount  of  dryness  6.4°.  The  degree  of  moisture 
is  consequently  no  more  than  783.  The  mean  of 
maximum  dryness  12.8°,  and  the  mean  of  mini- 
mum saturation  651.  The  elasticity  of  the  vapour 
.322  inch.  . Evaporation  is  increased  to  2.290 
inches,  and  the  quantity  of  rain  does  not  exceed 
1.786  inch.  The  power  of  radiation  from  the 
earth  is  raised  to  14°,  and  its  mean  effect  attains 
its  highest  amount  of  6.2°.  The  power  of  the 
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sun  averages  28.1°,  and  the  highest  observed  effect 
is  47°.  The  heat  of  the  air  ranges  between  74° 
and  29°. 

The  mean  height  of  the  barometer  for  this  month 
is  29.881  inches,  and  its  average  range  1.11 
inch. 

In  May  the  temperature  of  the  air  still  outstrips 
the  advance  of  the  vapour,  and  the  atmosphere 
attains  very  nearly  its  state  of  greatest  dryness. 
The  mean  of  the  former  is  54°.,  that  of  the  latter 
46.1°.  The  state  of  saturation  769,  the  degree  of 
dryness  7.9°,  the  mean  minimum  of  the  former 
597,  the  mean  maximum  of  the  latter  15.6°.  Elas- 
tic force  of  the  vapour  .354  inch.  Evaporation  ^ 
amounts  to  3.286  inches,  and  rain  to  1.853  inch. 
The  power  of  the  sun  is  57°,  its  mean  greatest  in- 
fluence 30.5.  The  force  of  radiation,  from  the  sur- 
face of  the  earth,  is  13°,  its  nightly  effect  4.2°.  The 
reduction  of  this  effect  implies  a rather  more  clouded 
state  of  the  atmosphere  than  that  of  the  preceding  . 
month.  The  mean  maximum  of  the  air  is  62.9°, 
the  minimum  45.1°:  the  range  of  the  thermometer 
from  70°  to  33°. 

The  height  of  the  barometer  is  29.898,  its  range 
1.09  inch. 

In  June,  the  first  month  of  the  summer  quarter, 
the  advance  of  the  dew-point  and  of  the  daily  tem- 
perature are  nearly  equal:  the  former  averages 
50.7°  the  latter  58.7°.  The  degree  of  dryness  is 
therefore  8°,  and  the  state  of  the  air’s  saturation 
762. 

The  force  of  the  vapour  .410  inch. 

The  quantity  of  evaporation  rises  a little  above 
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that  of  the  last  month,  and  amounts  to  3.760,  the 
maximum  of  the  year,  and  the  quantity  of  rain  is 
1.830  inch. 

The  energy  of  the  sun’s  beams  is  at  its  height, 
and  also  its  maximum  effect : the  former  amounts 
to  65°,  and  the  mean  of  the  latter  39.9°.  The  tem- 
perature of  the  air  does  not  attain  its  maximum  till 
the  two  following  months.  This  arrangement  must 
have  an  extremely  important  influence  upon  the 
fructification  of  the  vegetable  kingdom,  and  the  hor- 
ticulturist and  botanist  would  do  well  to  attend  more 
particularly,  than  has  hitherto  been  done,  to  the  dif- 
ferent modifications  of  heat  of  radiation  and  heat  of 
temperature.  Experience  has  suggested  many  prac- 
tical precautions  and  artifices  evidently  connected 
with  this  subject,  and  it  is  almost  certain  that  a 
scientific  attention  to  these  particulars  would  tend 
much  to  the  benefit  of  the  art  of  gardening. 

The  force  of  radiation  from  the  earth,  I have  once 
observed  in  this  month  to  be  17°,  the  greatest  effect 
that  has  ever  come  under  my  notice:  its  mean 
amount  5.2°. 

As  connected  with  the  subject  to  which  I have  al- 
luded above,  it  is  worth  while  to  notice  that  there  are 
but  two  months  in  the  year,  in  which  vegetation,  in 
particular  situations,  is  not  exposed  to  a tempera- 
ture below  the  freezing  point.  These  two  months 
are  July  and  August,  and  even  in  them  the  radiant 
thermometer  descends  to  35°  and  34°.  Thus,  a 
plant  might  be  so  situated,  in  the  month  of  June, 
as  to  undergo  all  the  changes  of  heat  from  154°  to 
30°. 

The  mean  maximum  dryness  of  the  month  is  16°: 
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the  mean  minimum  saturation,  597.  The  maximum 
temperature  of  the  air  averages  69.4°,  the  minimum 
48.1°,  and  the  greatest  difference  between  the  two 
happens  at  this  time.  This  dij0ference  is  evidently 
chiefly  dependant  upon  the  power  of  the  sun,  and 
the  time  that  it  remains  above  the  horizon ; therefore, 
like  the  direct  heat  of  the  solar  rays,  it  follows  the 
progress  of  the  sun’s  declination.  The  range  of  the 
thermometer  is  from  90°  to  37°. 

The  mean  pressure  is  30.020  inches,  and  the 
mean  variation  0.64  inch. 

In  July,  the  increase  of  vapour  is  rather  greater 
than  that  of  temperature,  and  both  approach  their 
maximum.  The  mean  heat  of  the  air  is  61°,  and 
that  of  the  dew-point  54.5°.  The  force  of  the 
vapour  .468  inch.  The  degree  of  dryness  is  6.5° : 
the  hygrometric  degree,  811.  Mean  maximum  dry- 
ness of  the  day  13.7.  Mean  minimum  moisture 
658.  Evaporation  decreases  to  3.293  inches,  and 
the  rain  attains  its  maximum  quantity  2.516 
inches. 

The  increase  of  the  mean  temperature  here  ap- 
pears to  be  wholly  derived  from  the  night,  for  the 
mean  maximum  is  only  69.2°,  while  the  mean 
minimum  has  risen  to  52.2°.  This  must  be  owing 
to  the  cooling  power  having  been  checked  by  a 
cloudy  sky,  and  accordingly  we  find  that  the  effect 
of  radiation  has  fallen  to  3.6°,  while  its  greatest 
power  is  13°. 

The  force  of  the  sun’s  rays  decrease  to  52.5°,  but 
it  is  probable  that  this  is  not  their  utmost  power,  as 
the  following  month  exhibits  an  increase.  Their 
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average  greatest  effect  is  25.8°.  This  decrease  of 
the  solar  power  does  not  immediately  check  the 
mean  temperature,  for  the  earth  having  become 
heated  in  the  preceding  months,  acts  as  a warm 
body  on  the  atmosphere,  and  gives  out  again  the 
heat  which  it  has  received.  Mr.  Howard’s  expla- 
nation of  the  mean  temperature  always  being  about 
a month  behind  the  sun’s  place  in  declination,  is,  no 
doubt,  as  correct  as  it  is  ingenious ; namely,  that  “ as 
the  sun  advances  in  north  declination,  the  heat  we 
derive  from  him  increases,  actually  in  proportion  to 
his  altitude,  but  not  sensibly  ; because  a part  of  it 
IS  required  to  heat  the  earth,  and  is  lost  there  by  ab- 
sorption. As  he  declines  southward  in  the  autumn, 
the  heat  we  receive  actually  grows  less  in  proportion, 
but  not  sensibly ; because  we  now  receive  back 
a certain  quantity  from  the  warm  earth.” 

The  greatest  range  of  the  temperature  of  the  air 
for  this  month  is  from  76°  to  42°. 

The  height  of  the  barometer  is  29.874  inches, 
and  the  mean  range  0.79  inch. 

The  particulars  of  the  month  of  August  remain 
much  the  same  as  those  of  the  month  of  July.  The 
warm  nights  continue,  and  the  heat  of  the  day  is 
undiminished.  The  mean  temperature  is  61.6°; 
the  maximum  of  the  day,  70.1°;  and  the  minimum 
of  the  night,  52.9°.  The  range  of  the  thermometer 
from  82°  to  41°.  The  force  of  the  sun’s  rays  59.5°, 
and  their  average  maximum  effect  33.1°.  The 
power  of  radiation  from  the  earth  1 2°,  and  its  mean 
amount  5.2°. 

The  dew-point  is  55.3°,  and  the  elastic  force  of 
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the  vapour  .481.  The  degree  of  dryness  6.3°,  and 
state  of  saturation  819.  Mean  maximum  dryness 
12.4° ; mean  minimum  moisture  677. 

Evaporation  is  the  same  as  in  the  last  month, 
3.327  inches,  but  the  rain  is  decreased  nearly  one- 
half;  the  amount  being  only  1.453  inch. 

Mean  height  of  the  barometer  29.891  inches; 
mean  range  0.73  inch. 

In  September,  the  first  month  of  Autumn,  the 
reduction  of  temperature  begins  to  be  sensibly  felt ; 
but,  still,  less  in  the  night  than  during  the  day. 
The  mean  temperature  declines  to  57.8° ; the  maxi- 
mum to  65.6°,  and  the  minimum  to  50.1°;  the 
greatest  range  of  the  thermometer  being  between 
76°  and  36°. 

The  mean  dew-point  is  52.3°,  and  the  elasticity 
of  the  vapour  .432  inches;  the  dryness  of  the  air 
5.5°,  and  its  state  of  saturation  827.  Mean  maxi- 
mum dryness  11.1°;  and  mean  minimum  moisture 
702.  The  precipitation  and  evaporation  are  again 
nearly  upon. a par,  the  former  averaging  2.193 
inches,  the  latter  2.620  inches.  The  power  of  the 
sun  is  but  little  decreased,  its  greatest  energy  being 
54°,  and  its  mean  daily  amount  32.7.  Terrestrial 
radiation  also  remains  nearly  the  same,  rising  to 
13°,  and  averaging  5.4°.  The  height  of  the  baro- 
meter is  29.931  inches,  and  its  mean  range  0.88 
inch. 

In  October,  the  mean  temperature  falls  nearly  9°, 
and  does  not  exceed  48.9° ; the  maximum  and  mini- 
mum averaging,  respectively,  55.7°  and  42.1°.  The 
dew-point  declines  almost  in  the  same  proportion 
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44.8®.  The  dryness  is  reduced  to  4.1°,  and  mois- 
ture increases  to  870.  Evaporation  decreases  to 
1.488  inch,  while  the  rain  continues  in  nearly  the 
same  quantity;  the  amount  for  the  month  being 
2.073  inches.  Now,  that  the  fruits  of  the  earth 
are  laid  up  in  store,  this  increase  of  wet  is  at- 
tended by  no  injurious  effects ; the  remaining  heat 
of  the  earth  is  preserved  from  a needless  expen- 
diture, and  guarded  from  dissipation  by  an  in- 
creasing canopy  of  clouds.  The  effect  of  radiation 
is  reduced  to  4.8°,  and  its  greatest  force  to  11°. 
The  power  of  the  solar  rays  declines  to  43°,  and 
their  mean  effect  to  27.5°.  The  greatest  range  of 
the  air’s  temperature  is  from  68°  to  27°*  The  mean 
elasticity  of  the  vapour  is  .336  inch,  the  pressure 
of  the  whole  atmosphere  29.774  inches,  and  the 
average  range  of  the  barometer  1.38  inch. 

In  the  dark  and  dreary  month  of  November,  the 
atmosphere  is  nearly  saturated  with  moisture.  The 
temperature  of  the  air  is  42.9°,  and  the  dew-point 
averages  no  lower  than  40.5°;  the  dryness  is,  there- 
fore, only  2.4°,  and  the  dampness  amounts  to  910. 
The  precipitations  are  augmented  to  2.400  inches, 
and  only  0.770  inch  is  carried  off  by  evaporation. 
The  maximum  dryness  of  the  days  is  but  4.7°,  and 
the  least  degree  of  moisture  845.  The  effect  of 
the  sun’s  rays,  whose  greatest  power  is  23.5°,  is 
scarcely  6.8°,  and  that  of  terrestrial  radiation  only 
3.6°;  its  intensity  being  10°. 

The  mean  highest  point  of  daily  temperature  is 
47.5°,  and  the  mean  lowest  38.3°;  the  utmost  range 
of  the  thermometer  being  from  62°  to  23°. 
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The  mean  elasticity  of  the  vapour  is  .286  inch ; 
the  pressure  of  the  whole  atmosphere,  29.776 
inches,  and  the  range  of  the  barometer  0.92  inch. 

The  month  of  December  closes  the  year  with 
nearly  the  same  characters  as  those  of  the  last 
month ; mean  temperature,  39.3° ; mean  maximum, 
43.2°;  mean  minimum,  35.4°;  greatest  range,  from 
55°  to  17°. 

The  greatest  force  of  the  sun’s  rays,  12.5°;  their 
mean  influence,  5.4° ; power  of  terrestrial  radiation, 
11°;  mean  effect,  3.5°. 

Temperature  of  the  dew-point,  37.6°;  degree  of 
dryness,  1.7°;  and  state  of  saturation,  952;  mean 
maximum  dryness,  3.3°;  mean  minimum  moisture, 
888. 

Amount  of  precipitation,  2.426  inches ; of  evapo- 
ration, 0.516  inch. 

The  elasticity  of  the  vapour,  .261  inch;  pres- 
sure of  the  atmosphere,  29.693  inches,  and  range  of 
the  barometer,  1.13  inch. 

I have  not,  in  the  preceding  summary,  noticed 
the  prevalent  winds  of  the  several  months,  or  dis- 
tinguished the  quality  of  the  vapour  transported 
from  the  different  quarters  of  the  compass.  I have 
thought  it  better  to  separate  this  view  of  the  subject 
from  the  preceding,  and  to  present  the  results  in  a 
tabular  form.  The  following  Table  exhibits  the 
average  number  of  days  on  which  the  different 
winds  blow  in  each  month  of  the  year,  together 
with  the  mean  dew-point  of  the  vapour  which  is 
wafted  by  them  : — 


TABLE  III., 

Shewing  the  Dew-Point  of  Eight  dijferent  Winds  in  each  Month,  and  the  average  Number 

of  Days  on  which  each  prevails. 
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This  Table  is  constructed  from  the  observations 
of  the  morning,  afternoon,  and  night,  leaving  out 
those  of  the  minimum  temperature ; and  therefore  the 
total  means  differ  slightly  from  those  already  given. 
This  has  been  done  for  the  sake  of  forming  a 
standard  of  comparison,  whereby  to  judge  of  the 
state  of  the  weather  from  hygrometric  observations. 
The  mean  monthly  temperature  of  the  dew-point 
affords  a useful  criterion  for  this  purpose,  but  the 
average  state  of  each  wind  is  much  more  accurate ; 
and  when  the  Table  shall  have  been  improved  by 
the  results  of  a longer  series  of  experiments,  an 
almost  infallible  judgment  may  be  formed  from  it 
of  the  probability  of  atmospheric  changes.  I shall 
return  to  this  subject  hereafter. 

It  will  be  observed  in  the  Table,  that  the  northerly 
winds  and  the  southerly  are  in  nearly  equal  pro- 
portions, but  that  the  westerly  are  to  the  easterly 
nearly  as  two  to  one.  These  proportions  are  pre- 
served in  the  several  quarters  of  the  year. 

It  is  also  worthy  of  remark,  that  the  dew-point  of 
the  sea-winds,  viz.,  the  S.W.  W.  and  N.W.  is  3° 
higher  than  that  of  the  land-winds  from  the  opposite 
quarters,  viz.,  N.E.  E.  and  S.E. 

Thus  much  we  have  learnt  from  the  mean  obser- 
vations of  the  three  years  together:  let  us  endeavour 
to  advance  a few  steps  further,  by  a comparison 
of  the  years,  one  with  another,  and  with  the  mean. 

To  render  this  analysis  more  practically  useful,  I 
shall  endeavour  to  connect  the  popular  description 
of  the  weather  with  the  scientific  details;  and  I 
shall,  more  particularly,  aim  at  elucidating  the  in- 
fluence of  atmospheric  changes  upon  those  branches 
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of  vegetation,  with  which  are  connected  the  wealth, 
happiness,  and  subsistence  of  the  community.  By 
connecting  together  the  reports  of  the  agriculturist, 
and  the  observations  of  the  meteorologist,  we  may, 
in  time,  obtain  some  insight  into  the  nature  of  the 
various  blights  which  affect  the  different  products 
of  the  soil,  whether  it  be  the  mildew  and  smut  of 
wheat,  or  the,  so  called,  fly  of  the  turnip  or  the 
hop.  Something  may  be  learnt  from  a comparison 
of  a forward  or  a backward  season,  and  the  effect  of 
weather  upon  the  soil;  some  precautions  may  be 
suggested,  and  the  grounds  of  anticipation  strength- 
ened. Knowledge,  in  short,  in  this,  as  in  all  other 
instances,  will  surely  end  in  power;  at  aU  events,  a 
running  commentary,  in  the  common  language  of 
the  farmer,  may  draw  the  attention  of  those  most 
interested  in  the  subject,  to  details  which  might 
otherwise  appear  uninteresting  or  unintelligible. 

The  observations  of  the  Journal  commence  with 
the  first  month  of  the  autumn  of  1819.  The  parti- 
culars do  not  differ  essentially  from  the  mean  in 
any  respect.  The  weather  was  fine,  warm,  and 
seasonable,  and  corn-harvest  was  completed  under 
favourable  auspices.  With  respect  to  the  aggregate 
products  of  the  earth,  the  season  was  one  of  the 
most  plentiful  that  had  occurred  for  some  years. 
In  the  early  part  of  the  month  rain  was  greatly 
wanted,  and  water  for  the  cattle  ; the  pastures  were 
burnt  up,  and  the  stubbles  bare.  The  showers  in 
the  latter  part  produced  a very  beneficial  effect. 

The  results  of  October,  taken  together,  present 
nothing  very  remarkable  but  the  unequal  distri- 
bution of  the  fine  weather.  The  first  part  of  the 
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month  was  much  above  the  mean  in  temperature, 
and  the  latter  part  as  much  below;  and  a con- 
siderable quantity  of  snow  fell  on  the  21st  of  the 
month,  which  is  very  unusually  early  in  the  season. 
The  thermometer  ranged  from  68°  to  27°,  which 
are  its  greatest  limits  for  the  month.  The  degree 
of  dryness  was  altogether  below  the  mean.  South- 
erly and  westerly  winds  prevailed  till  the  middle  of 
the  month,  and  afterwards  the  north  and  north-east- ' 
erly  winds  set  in ; and  it  was  probably  owing  to  their 
influence  that  the  cold  precipitations  of  the  vapour 
took  place.  The  ground  was  in  a very  favourable 
state  for  the  sowing  of  wheat,  and  the  turnips  derived 
considerable  improvement  from  the  increase  of 
moisture,  and  were  deemed,  upon  the  average,  a 
fair  crop.  Grass  and  fodder  were  superabundant. 

The  prevalence  of  catarrhal,  rheumatic,  and  other 
inflammatory  disorders,  together  with  affections  in 
the  bowels,  were  ascribed  by  physicians  to  the  ex- 
traordinary vicissitudes  of  the  weather. 

The  month  of  November  was  colder  than  had 
been  known  for  many  years.  The  mean  of  the 
thermometer  was  3.7°  below  the  season,  and  it 
descended  to  its  lowest  limit  for  the  month.  It 
was  likewise  very  damp,  the  degree  of  moisture 
being  941,  while  the  average  is  not  above  845. 
The  amount  of  rain  was  not  great,  but  that  of 
evaporation  very  small.  The  precipitations  fell 
chiefly  in'  light  showers,  and  seldom  lasted  the 
whole  day. 

This  season  of  the  year  affords  but  little  room 
for  remarks  upon  the  influence  of  the  weather  upon 
the  important  processes  of  vegetation.  The  young 
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wheats,  which  looked  generally  promising,  received 
a sudden  check  from  the  early  frosts,  and  were  not 
expected  to  benefit  from  the  change  to  extremely 
mild  and  moist  weather,  which  suddenly  came  on  in 
the  latter  days  of  the  month.  Green  food  for  cattle 
still  abounded. 

With  the  month  of  December  commenced,  what 
may  be  deemed,  a severe  winter.  The  temperature 
averaged  5°  below  the  mean,  but  its  state  of  satu- 
ration did  not  differ  much  from  its  usual  proportion, 
and  fhe  precipitations  were  altogether  light.  The 
mean  state  of  the  barometer  was  rather  low,  but 
its  range  uncommonly  small  for  the  time  of  year. 

The  long  continuance  of  frost  put  an  end  to  all  the 
business  of  the  field,  but  the  young  crops  were 
well  secured  by  a seasonable  covering  of  snow. 
The  turnip  crops,  however,  received  injury  in  pro- 
portion to  the  benefit  derived  to  the  wheat.  The 
alternations  between  frost  and  thaw  were  particu- 
larly injurious  to  that  useful  root. 

In  January,  1820,  the  mean  temperature  was 
almost  six  degrees  lower  than  usual,  and  the  frost 
continued,  with  nearly  unremitting  rigour,  till  the 
23d  of  the  month.  The  barometer  fluctuated  very 
much,  and  its  maximum  was  higher  than  had  been 
observed  for  many  years.  The  weather  was'alto- 
gether  damp  and  unpleasant. 

The  wheats,  and  all  arable  lands,  were  con- 
sidered to  derive  a full  portion  of  the  advantages 
which  never  fail  to  accrue  from  a frost  of  some 
duration,  accompanied  with  a sufficient  cover  of 
snow.  The  young  clovers,  and  crops  of  that  de- 
scription, suffered  greatly  from  the  rigour  of  the 
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frost;  and  vast  quantities  of  turnips  were  totally 
destroyed. 

The  vicissitudes  of  the  weather,  and  extraor- 
dinary severity  of  the  season,  produced  a more  than 
ordinary  number  of  those  disorders  which  affect  the 
pulmonary  organs. 

The  month  of  February  was  still  below  the  mean 
in  temperature,  and  unusually  damp.  The  amount 
of  precipitations  was  large,  and  evaporation  very 
trifling.  In  other  respects,  there  was  no  variation 
worthy  of  remark. 

March  was  more  than  usually  dry,  and  there 
were  scarcely  any  precipitations  of  rain  and  snow. 
The  temperature  continued  lower  than  usual. 

The  lands  were  in  a good  and  fertile  state,  and 
the  sowing  of  the  Lent  corn,  was  carried  on  with  ex- 
pedition. The  effect  of  the  preceding  frosts  was  to 
pulverize  the  soil,  which  turned  up  in  most  places 
like  garden-mould.  The  latter  sown  wheats  ap- 
peared weak,  and  dependant  entirely  upon  the  ge- 
nial nature  of  the  coming  spring.  The  early  wheats 
stout  and  healthy.  All  had,  however,  suffered  in 
some  degree  from  the  sharp  N.E.  winds,  which  re- 
tarded vegetation,  particularly  of  the  grass.  The 
green  crops  were  affected  severely. 

The  mean  temperature,  in  April,  nearly  recovered 
its  proper  amount,  and  the  weather  was  altogether 
dry  and  seasonable. 

The  sowing  of  the  corn  was  never  completed 
under  more  happy  auspices.  The  season  had  been 
previously  most  favourable  to  manuring,  and  the 
heaviest  clays  worked  admirably.  Vegetation, 
which  had  suffered  very  much,  recovered  with  the 
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timely  showers  of  this  month,  but  many  crops,  upon 
loose  and  spongy  soils,  were  injured  past  recovery. 
On  the  whole,  however,  the  appearance  of  the 
country  was  favourable,  and  the  shew  for  fruit 
abundant. 

The  month  of  May  was  genial  and  seasonable  in 
every  respect.  The  temperature  rather  above  the 
mean.  Rain  was  interspersed  in  just  such  propor- 
tion as  seems  most  conducive  to  the  welfare  of  ve- 
getation. The  season,  however,  was  above  the 
mean  in  dryness.  Vegetation  was  sudden  and  ra- 
pid, and  an  appearance  of  luxuriance  took  place  in 
all  the  productions  of  the  soil,  although  the  fruit  blos- 
soms suffered  partially  from  the  frost  in  the  early 
days.  The  pulse,  artificial  grass  crops,  and  hops, 
which  were  beginning  to  suffer  severely  from  their 
peculiar  blight-insects,  were  well  washed  by  the 
showers,  and  speedily  recovered  the  incipient  da- 
mage. 

June  was  extremely  remarkable  for  being  un- 
usually cold  and  wet  in  its  commencement,  and,  for 
the  very  extraordinary  rise  of  temperature  in  its  lat- 
ter half.  This  rise  was  not  accompanied  by  a pro- 
portionate increase  in  the  quantity  of  vapour,  and 
the  weather  was  beautiful  in  the  extreme.  The 
temperature  of  the  whole  period  was  above  the 
mean,  and  rain  very  abundant.  The  variation  of 
the  barometer  was  great,  and  its  mean  very  high 
during  the  hot  weather. 

The  cold  and  wet  weather  increased  the  bulk  of 
vegetation,  but  without  proportionally  accelerating 
the  fructifying  process  ; but  after  the  change,  the 
wheats  blossomed  most  beautifully.  Hay-harvest 
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was  at  its  height,  and  an  abundant  crop  most  suc- 
cessfully secured. 

That  precarious  plant,  the  hop,  appeared  strong 
and  luxuriant. 

July  was  above  the  average  in  heat,  but  a want 
of  sun  was  experienced  to  ripen  the  corn,  and  a 
consequent  fear  of  mildew  was  prevalent.  The 
spring  crops  and  hops  were  of  good  promise,  and 
turnips  looked  very  well.  The  heavy  periodical 
rains  of  this  season  commenced  on  the  16th  of  the 
month,  and  were  accompanied  at  intervals  by  vio- 
lent thunder  and  lightning.  Both  the  quantity  of 
precipitation  and  evaporation  exceeded  the  mean 
amount. 

August — this  month,  so  important  to  the  agricul- 
turist, was  as  favourable  to  the  operations  of  harvest 
as  could  be  wished:  of  full  average  temperature, 
with  a sufficiency  of  direct  radiation  from  the  sun  ; 
without  which  the  fruits  of  the  earth  scarcely  ever 
arrive  at  perfection.  The  mean  degree  of  dryness 
was  greater  than  ordinary,  but  a full  proportion  of 
rain  was  not  wanting.  The  weather  was  particu- 
larly propitious  till  the  19th,  when  a degree  of 
blighting  cold  took  place,  which  is  marked  in  the 
journal  by  the  radiating  thermometer  falling  to  35°. 
This  state  of  check  did  not  fortunately  last  long,  and 
was  succeeded  by  a mild  temperature,  well  calcu- 
lated to  forward  the  labours  of  the  field. 

The  appearance  of  the  turnips  was  not  so  favour- 
able as  could  have  been  wished — they  had  suffered 
from  blight,  or  from  what  the  farmers  term  the  fly. 

With  September,  1820,  we  commence  our  second 
annual  period,  for  which  we  now  possess  other  terms 
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of  comparison,  besides  the  mean,  in  the  divisions 
of  the  year  which  we  have  already  analyzed. 

The  temperature  of  the  month  was  below  the 
mean,  and  still  more  below  the  last  year,  the  differ- 
ence taking  place  entirely  in  the  night.  This  may, 
probably,  have  arisen  from  the  great  effect  of  radia- 
tion, from  a particularly  clear  state  of  the  atmo- 
sphere. The  register  of  the  radiating  thermometer 
is  in  accordance  with  this  supposition  ; for  the  mean 
effect  will  be  found  to  be  considerably  greater  than 
usual,  and  nearly  amounting  to  7°.  The  injury 
which  the  hop-plant  received  about  this  time,  may 
not  improbably  be  ascribable  to  this  cause:  the 
flower  was  stinted  and  small,  and  mould  very  pre- 
valent. 

This,  as  well  as  the  last,  was  one  of  those  plentiful 
seasons  which  are  not  of  frequent  occurrence.  Corn, 
pulse,  and  fruit  of  every  kind,  abounded.  The  only 
draw-back  to  these  advantages  was  the  blight  occa- 
sioned by  the  various  sudden  changes  of  weather. 
The  usual  complaint  of  fine  harvest  weather — want 
of  rain  for  grass  and  turnips, — was  generally  heard. 
The  average  quantity,  however,  was  not  deficient. 

October — the  temperature  of  the  month  was  be- 
low the  mean,  and  that  of  last  year.  Notwithstand- 
ing this,  the  dryness  was  above  the  mean,  and  there 
was  very  little  rain.  The  consequence  was,  great 
injury  to  the  turnip  crops  and  grasses.  The  har- 
vest was  completed  in  perfection,  by  the  housing  of 
beans  in  good  condition ; and  all  orchard  fruits  were 
very  abundant.  In  many  places,  the  soil  was  too 
dry  to  be  worked  to  advantage,  and  the  sowing  of 
corn  was  very  much  postponed  till  after  Christmas. 
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November — the  temperature  was  considerably 
higher  than  last  year,  but  still  a little  below  the 
mean ; the  dryness  about  the  mean.  The  quantity 
of  rain  was  very  unusually  small. 

In  consequence  of  this  continuance  of  drought,  the 
turnip  crops  were  generally  lost.  The  young  wheats 
looked  healthy  and  well. 

December — the  temperature  a little  above  the 
mean,  and  six  degrees  higher  than  the  last  year. 
The  quantity  of  rain  was  small,  but  in  all  other  re- 
spects, the  season  did  not  vary  from  the  average. 

Owing  to  the  openness  of  the  weather,  a consi- 
derable quantity  of  wheat  was  put  into  the  ground 
in  the  early  part  of  the  month.  The  appearance  of 
the  crops  was  fine,  and  very  luxuriant. 

January,  1821 , presents  a complete  contrast  to  the 
same  month  of  the  last  year.  The  mean  temperature 
was  nearly  8°  higher,  and  the  degree  of  dryness  much 
the  same.  Instead  of  being  bound  up  in  frost  and 
snow,  the  country,  every  where,  presented  an  open 
appearance,  and  the  operations  of  husbandry  were 
in  universal  forwardness.  Early  pulse  and  beans, 
had  already  been  planted  on  the  forward  lands. 
Some  of  the  wheat,  and  other  green  crops,  expe- 
rienced damage,  on  clay  soils,  during  the  frost  for 
want  of  a covering  of  snow. 

February — the  temperature  of  the  month  about 
the  same  as  last  year,  and  below  the  mean.  The 
barometer  averaged  considerably  above  the  mean, 
and  on  the  6th,  it  attained  the  extraordinary  height 
of  30.82  inches.  Scarcely  any  rain  or  snow  fell, 
and  the  season  was  contrasted  with  that  of  last  year 
in  being  extremely  dry. 
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The  season  was  most  propitious  in  all  respects 
to  the  cultivation  of  the  soil.  The  operations  of  hus- 
bandry proceeded  almost  uninterruptedly,  and  the 
favourable  dry  season  of  last  year,  which  occurred 
in  March,  was  anticipated  in  this  by  a month.  The 
wheats,  and  winter  crops  in  general,  had  a most 
promising  appearance ; so  little  rain  fell  during  the 
winter  quarter,  that  moisture  was  wanting  to  con- 
vert the  abundance  of  straw  into  manure. 

March  was  a complete  contrast  to  the  same 
month  in  the  last  year:  very  damp  and  rainy. 
Though  the  temperature  was  very  little  below  the 
mean,  it  was  cold  and  unpleasant  to  the  feelings. 
The  seed-time  had,  however,  been  anticipated  in  the 
preceding  month,  and  the  operations  completed 
most  favourably.  The  cold  rains  of  the  present 
month  had  not  any  very  signal  effect  in  forwarding 
vegetation,  but  the  crops  of  every  description  had  a 
healthful,  if  not  a forward,  appearance.  The  back- 
wardness of  the  spring  is,  upon  the  whole,  rather  a 
favourable  prognostic  for  the  summer  season. 

April  was  of  medium  character,  in  most  respects, 
but  decidedly  warm,  its  temperature  being  nearly 
two  degrees  above  the  mean.  The  warmth  and 
moisture  together,  began  to  have  their  usual  influ- 
ence upon  vegetation,  which  was  not,  hitherto,  in  a 
forward  state.  The  wheat  put  on  a luxuriant  ap- 
pearance ; the  pulse  and  Lent  corn  crops  made  a 
very  fair  shew;  and  all  the  operations  of  husban- 
dry were  in  a forward  state. 

The  month  of  May  was  unseasonably  cold  and 
dry,  and  constituted  a very  backward  season.  It 
was  the  more  irksome  to  the  human  constitution  as 
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well  as  detrimental  to  vegetation,  from  being  in  oc- 
casional contrast,  with  a day  or  two  of  summer  tem- 
perature. The  blossoms  of  all  fruit  trees  suffered 
from  blight ; for  the  cause  of  which  we  need,  proba- 
bly, look  no  further  than  the  radiant  thermometer, 
which  we  shall  find  was  on  five  nights  below  the 
freezing  point.  A sufficiency,  however,  in  most 
cases,  remained  for  an  abundant  crop.  The  shew 
of  grass,  lucern,  and  clover,  was  great.  The  wheats 
appeared  strong  and  healthy,  and  the  spring  crops 
had  a thriving  appearance.  Hops  were  checked  by 
the  cold,  but  the  vine  was  strong. 

June. — The  temperature  of  the  month  was  nearly 
three  and  a half  degrees  below  the  mean,  owing  to 
the  prevalence  of  north-east  winds.  All  hopes  va- 
nished of  good  crops  of  fruit,  and  the  hops  suffered 
much.  The  wheats  were  fortunately  backward,  and 
escaped  the  injury  which  they  would  have  received 
had  they  been  in  their  usual  progress,  towards  the 
flowering  process.  The  spring  corn  was  retarded 
in  its  growth  from  the  same  cause,  and  looked 
yellow  and  sickly.  The  hay-harvest,  upon  the 
whole,  was  good,  and  turnips,  which  had  been  in 
general  early  sown,  were  already  beginning  to 
spring  up.— -The  season  was  rather  one  of  uncom- 
fortable sensation  than  of  positive  sickness. 

July  was  deemed  an  average  season,  and  the 
different  crops  upon  the  ground  improved  in  their 
appearance.  Want  of  solar  heat  was  very  much 
felt,  and  high  winds  had  an  injurious  effect  upon 
the  flowering  of  the  wheat;  but  the  crops,  ge- 
nerally, appeared  in  a thriving  state.  The  hops 
were  much  mended,  and  the  rains  drew  up  the 
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turnips  to  a size  and  substance  which  put  them  be- 
yond the  reach  of  serious  injury. 

The  month  of  August,  kho,  did  not  differ  ma- 
terially from  the  average.  Harvest  began  about  the 
middle  of  the  month,  but  in  some  parts  was  very 
backward.  Owing  to  the  spring  and  early  part  of 
the  summer  being  unfavourable,  and  the  subsequent 
beating  down  of  the  corn  by  the  rains,  the  wheats 
had  received  considerable  damage.  Mildew  and 
smut  are  the  diseases  consequent  upon  such  seasons 
as  these.  Barley,  pulse,  and  tares,  were  expected 
to  be  full  crops.  Turnips  and  potatoes  very  pro- 
mising. 

September  was  warmer  in  this  year  than  in  the 
two  last,  but  the  degree  of  dryness  very  much  less, 
and  below  the  mean.  The  minimum  state  of  hu- 
midity during  the  day,  in  the  three,  was  as  follows: 
675, 673,  and  759.  The  quantity  of  rain  was  about 
the  usual  quantity,  but  the  amount  of  evaporation 
one  fourth  less. 

As  the  two  preceding  years  may  be  taken  as 
examples  of  the  weather  which  is  most  desirable 
at  this  season,  the  present  one  will  furnish  a speci- 
men of  those  expensive  and  distressing  harvests  to 
which  the  uncertainty  of  the  climate  sometimes  ex- 
poses the  farmer.  Far  worse  seasons,  however, 
are  by  no  means  of  very  rare  recurrence,  in  which 
cold,  wet,  and  blighting  weather  are  more  constant. 
The  present  was  relieved,  throughout,  by  warm  and 
genial  alternations.  The  atmospheric  diseases  took 
place  early,  and  the  rains,  which  clouded  the  har- 
vest, uncompensated  by  drying  winds,  completed 
the  misfortune  of  the  crop.  The  bulk,  indeed,  was 


CLIMATE  OF  LONDON. 


297 


great,  but  samples  of  good  quality  very  scarce. 
There  was  a vast  quantity  of  black  and  sprouting 
wheat,  and  of  discoloured  barley.  On  the  other 
hand,  the  crops  of  peas  and  beans  abounded,  and 
the  country  never  saw  a finer  turnip  crop,  or  more 
luxuriant  after-grass.  Hop-picking  began  about 
the  second  week  of  the  month,  and  the  crop  turned 
out  large,  though  not  of  the  first  quality. 

The  warm  weather  still  continued  in  October, 
but  with  an  average  degree  of  dryness.  The  crops 
of  turnips  covered  the  land  completely,  but  were 
considered  to  be  too  luxuriant  in  their  foliage. 
Grass  was  in  great  plenty.  The  worst  fears  of 
the  farmer,  with  respect  to  the  grain,  were  con- 
firmed by  its  produce  upon  the  barn-floor. 

November  differed  from  the  mean,  and  from 
both  the  preceding  years,  in  a very  extraordinary 
way.  The  average  temperature  was  5°  above  the 
usual  amount ; and,  although  its  dryness  was  in  ex- 
cess, the  quantity  of  rain  exceeded  the  mean  quan- 
tity by  one-half  The  barometer,  upon  the  whole, 
was  not  below  the  mean.  All  the  low  lands  were 
flooded,  and  the  sowing  of  wheat  very  much  inter- 
rupted by  the  wet.  The  early  sown,  upon  good 
lands,  was  very  forward  and  luxuriant.  A com- 
plaint was  made,  that  the  turnips  had  more  foliage 
than  bulb,  and  the  potatoe  crops  were  small,  and 
of  a blighted  and  inferior  quality. 

In  December,  the  quantity  of  rain  was  very 
nearly  double  its  usual  amount.  The  barometer 
averaged  considerably  below  the  mean,  and  de- 
scended lower  than  had  been  known  for  thirty-five 
years.  Its  range  was  from  30.27  inches  to  28,12 
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inches.  The  temperature  was  still  high  for  the 
season,  and  the  weather  continued,  as  in  the  last 
month,  in  an  uninterrupted  course  of  wind  and 
rain ; the  former  often  approaching  to  a hurricane, 
and  the  latter  inundating  all  the  low  grounds. 

The  water- sodden  state  of  the  soil,  in  many 
parts,  prevented  wheat-sowing,  or  fallowing  the 
land  at  the  regular  season.  The  mild  temperature 
pushed  forward  all  the  early-sown  wheats  to  a 
height  and  luxuriance  scarcely  ever  before  wit- 
nessed. The  grass,  and  every  green  production, 
increased  in  an  equal  proportion. 

January,  1822. — This  most  extraordinary  season 
still  continued  above  the  mean  temperature,  but 
the  rain,  as  if  exhausted  in  the  preceding  month, 
fell  much  below  the  usual  quantity  in  this.  There 
was  not  one  day  on  which  the  frost  lasted  through 
the  twenty-four  hours. 

The  wheats,  where  they  had  not  been  flooded, 
were  generally  found  to  look  well ; but  drawn  up 
as  they  had  been,  by  warm  and  moist  weather, 
without  the  slightest  check  from  frost,  serious  ap- 
prehensions were  entertained  lest  they  should  be 
exhausted  by  excessive  vegetation,  and,  ultimately, 
be  more  productive  in  straw  than  com. 

The  month  of  Febmary,  still  five  degrees  above 
the  mean,  ended  a winter  which  has  never  been 
paralleled.  The  dryness,  also,  above  the  mean; 
evaporation  great,  and  very  little  rain.  There  was 
no  snow  in  Middlesex.  Under  these  circumstances 
the  earth  became  in  the  finest  state  for  cultivation. 
The  superfluous  moisture  was  exhaled  with  far 
less  damage  from  the  floods  than  had  been  antici- 
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pated.  The  spring  culture  for  every  article  was  for- 
ward. The  wheat  looked  finely,  and  grass  was  in 
profusion. 

March  was  again  4°  above  the  mean  in  tempera- 
ture ; dry,  with  a proper  average  proportion  of  rain. 
Wheat,  taken  generally,  never  looked  better ; the 
risk  from  winter  frosts  at  an  end,  and  nothing  to 
be  apprehended  but  those  cold  easterly  winds, 
which  are  generally  expected  to  succeed  a mild 
winter.  The  appearance  of  the  country,  with  re- 
spect to  the  lands  and  the  crops,  was  universally 
favourable.  Great  evaporation  took  place,  and  the 
soil  was  every  where  getting  into  the  finest  state. 
The  grass  had  a beautiful  verdure,  and  all  the 
spring  crops  were  got  in  without  hinderance  from 
the  weather.  The  shew  for  fruit,  luxuriant  and 
beautiful. 

April  did  not  differ  much  from  the  general  ave- 
rage, but  its  temperature  was  low,  with  a more  than 
mean  quantity  of  rain.  The  frosts,  in  the  early 
part  of  the  month,  were  very  injurious  to  the  fruit- 
blossoms.  The  wheats  suffered  in  colour  and  con- 
dition from  the  alternations  of  heat  and  cold.  All 
the  spring  crops  had  been  well  got  in,  though  on 
clay  soils,  with  considerable  trouble  and  expense. 

A genial  May,  of  the  usual  character  of  that 
month,  visibly  improved  the  crops  upon  cold,  un- 
sound land,  which  had,  in  course,  suffered  most. 
The  appearance,  throughout  the  country,  was  gene- 
rally promising.  The  fallows  and  lands,  for  the 
spring  crops,  had  been  worked  with  much  difficulty, 
owing  to  the  want  of  the  disintegrating  influence  of 
frost.  All  the  green  crops  and  grass  were  of  good 
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promise.  Great  complaints  were  made  of  the  weak 
and  blighted  state  of  the  hops,  and  fruits  had  suf- 
fered materially. 

The  month  of  June  was  unusually  dry  and  hot ; 
evaporation  was  enormous,  and  rain  very  short  of 
the  usual  quantity.  The  amount  of  the  former 
was  4.65  inches,  and  that  of  the  latter  only  1.11 
inch. 

The  aspect  of  the  country  was  considerably  re- 
duced in  verdure  and  luxuriance,  by  almost  con- 
stant drought  and  excessive  solar  heat.  The  amount 
of  radiation  from  the  earth  was  also  great,  and  the 
radiating  thermometer  four  times  descended  to  the 
freezing  point.  There  were  several  thunder  show- 
ers, but  the  rain  was  not  sufficient  to  moisten  be- 
yond the  surface  of  the  earth,  or  effectually  nourish 
the  vegetable  roots.  The  autumnal  wheats  flowered 
in  the  most  beautiful  manner,  and  there  was  every 
prospect  of  an  early  harvest.  The  Lent  corn  crops 
suffered  for  lack  of  moisture.  Hay-harvest  was 
completed  in  the  best  possible  manner,  and  the 
crops  were  good.  The  hops  improved,  and  the 
apples  promised  well. 

The  timely  showers  of  July  revived  the  apjiear- 
ance  of  the  Lent  corn  and  pulse,  which  were  gene- 
rally injured  by  drought.  The  oldest  person  did 
not  recollect  either  an  earlier  hay  or  corn  harvest ; 
or  more  successful  ones,  to  this  time,  both  with 
respect  to  weather,  and  quantity,  and  quality  of  pro- 
duce. The  turnip  sowing,  which  had  been  at- 
tempted in  the  dry  weather,  was  obliged  to  be 
repeated  after  the  rains.  The  crop  of  potatoes 
middling. 
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The  weather  continued  through  August  the  most 
beautiful,  and  best  adapted  to  getting  in  the  har- 
vest, and,  indeed,  to  every  agricultural  purpose, 
that  could  have  been  chosen. 

The  wheat  crop  was  safely  housed  early  in  the 
month,  and  the  next  article  in  rank  for  human  sub- 
sistence, potatoes,  were  of  equal  promise  with  the 
wheat,  both  in  regard  to  quantity  and  quality.  Bar- 
ley, oats,  and  beans,  were  only  good  in  some  fa- 
voured situations;  and,  in  general,  those  crops  were 
considerably  below  an  average,  though  much  im- 
proved by  the  showers  which  succeeded  the  long 
drought.  Oats,  particularly,  suffered  from  smut  in 
many  parts.  No  crop  received  greater  benefit  from 
the  rains  and  subsequent  warm  weather  than  the 
hops.  Turnips  were  a failing  crop,  destroyed  al- 
most entirely  by  the  fly. 

The  method  adopted  by  Mr.  Howard  of  express- 
ing a series  of  results,  by  a curve,  is  so  extremely 
useful  and  striking,  and  so  greatly  facilitates  the 
comprehension  of  their  different  connexions,  that  I 
shall  here  proceed  to  connect  my  own  observations 
with  his,  by  a similar  occular  comparison  of  certain 
particulars;  and  endeavour  to  supply  the  void  in  his 
graphic  illustrations,  by  tracing  upon  the  same 
plan,  some  of  the  variations  of  the  aqueous  atmo- 
sphere. 

Fig.  1 , Plate  I.  presents  a comparison  of  the  monthly 
mean  temperature  of  the  air,  and  of  the  dew-point, 
throughout  the  year,  founded  upon  the  observations 
of  the  three  years.  The  full  line  exhibits  the  pro- 
gress of  the  former,  the  dotted  line  that  of  the  latter; 
and  the  degree  of  dryness  of  the  different  periods, 
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is  accurately  represented  by  the  space  included  be- 
tween the  two.  From  this  we  clearly  perceive  how 
closely  the  constituent  temperature  of  the  vapour 
follows  the  mean  temperature  of  the  air ; but  we  may, 
at  the  same  time,  remark  that  it  is  more  speedily 
diminished  by  the  fall  of  the  latter,  than  it  is  in- 
creased by  its  rise.  Hence  arises  the  contrast  be- 
tween the  dryness  of  the  spring  and  summer  months, 
and  the  dampness  of  the  autumn  and  winter.  The 
two  horizontal  lines  are  drawn  upon  the  annual 
means,  and  form  the  standards  of  comparison  for  the 
several  variations. 

Fig.  2 presents  the  separate  means  of  the  three 
years,  by  the  conjunction  of  which  the  last  curves 
were  constructed.  The  relation  of  the  different 
lines  will  be  sufficiently  intelligible  from  inspec- 
tion, without  minute  description.  The  character  of 
the  various  seasons  which  we  have  just  been  analys- 
ing and  comparing,  will  be  found  to  be  very  promi- 
nently marked  upon  this  diagram.  The  wet  autumn 
of  1821,  which  proved  so  injurious  to  the  harvest,  is 
characterized  by  the  near  approximation  of  the  two 
dotted  lines  in  September  ; and  the  very  cold  winter 
of  1820,  by  the  low  descent  of  the  continuous  lines 
in  the  scale  in  January.  The  hot  and  seasonable 
summers  of  1820  and  1822,  and  the  blighting  June 
of  1821,  together  with  the  very  extraordinary  winter 
of  1821-1822,  are  also  well  defined.  The  oscil- 
lations of  the  seasons,  round  the  horizontal  lines  of 
the  general  means,  exhibit  many  other  points  of  in- 
teresting comparison,  which  will  be  sufficiently  ob- 
vious to  those  who  are  inclined  to  take  this  method 
of  studying  the  results  of  the  observations.  The 
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general  correspondence  in  the  progress  of  the  mean 
temperature,  and  that  of  the  dew-point  is  sufficiently 
evident  in  the  separate  years  ; but  there  are  some 
evident  modifications  of  the  general  law,  presented 
by  these  curves,  which  are  well  worthy  of  attentive 
consideration. 

To  render  the  general  accordance  between  the 
mean  temperature  and  the  dew-point,  still  more  evi- 
dent, Fig.  3 has  been  constructed,  in  which  the  vari- 
ations of  the  daily  mean,  are  represented  for  forty-five 
days,  in  September  and  October,  1819 : and  to  carry 
the  analysis  of  this  connexion  to  its  greatest  extent^ 
Fig.  4 presents  the  observations  four  times  in  the 
day,  for  eleven  days,  including  the  daily  maMma 
and  minima.  By  inspection  of  the  latter  figure,  it 
will  be  evident  that  the  maxima  of  the  temperature 
of  the  air  have  but  little  influence  upon  the  force  of 
the  vapour,  which  appears  to  be  governed  chiefly  by 
the  daily  minima ; and  a line  connecting  together 
the  points  of  greatest  depression  would  not  differ 
very  essentially  from  the  curve  of  the  dew-point; 
while  a similar  connexion  of  the  points  of  greatest 
elevation  would  scarcely  resemble  it  in  any  parti- 
cular. 

Plate  II  represents  the  comparative  fluctuations 
in  the  elasticity  of  the  air  and  vapour,  and  in  their 
temperatures,  taken  at  morning  and  evening,  for  a 
period  of  three  months,  in  1819.  The  former  are 
laid  down  upon  the  same  scale  ; and  the  two  upper 
lines  depict  the  real  proportionate  differences  of  the 
simple  and  compound  pressures.  An  attentive  con- 
sideration of  these  will  shew  that  the  undulations  are 
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generally  in  contrary  directions,  and  a rise  in  the 
line  of  vapour  is  generally  accompanied  by  a fall  in 
the  barometric  curve.  The  lower  lines  depict  the 
variations  of  the  temperature : the  continuous  one 
that  of  the  atmosphere  ; the  dotted  that  of  the  point 
of  condensation.  In  fine  weather,  it  will  be  observed 
that  these  two  are  widely  separated,  while,  during 
the  time  of  aqueous  precipitation,  they  coincide.  In 
this  diagram  may  be  distinctly  traced  the  much 
greater  variations  of  the  aqueous  atmosphere  at  the 
upper  part  of  the  thermometric  scale,  than  for  equal 
differences  at  the  lower ; and,  in  short,  all  the  connex- 
ions of  temperature,  moisture,  and  pressure,  may 
be  comprehended  at  one  glance.  The  converg- 
ing lines  are  intended  to  indicate  the  direction  of 
the  winds. 

The  preceding  pages  I would  wish  to  be  consi- 
dered as  an  Appendix  to  Mr.  Howard’s  valuable 
and  laborious  work  ; and,  as  such,  I trust  that  they 
will  not  be  found  to  be  without  interest.  There  are 
many  points  upon  which  I have  refrained  from 
touching  at  all,  which  have  been  discussed,  with  all 
the  precision  which  the  present  state  of  our  know- 
ledge will  permit,  by  that  able  and  indefatigable  ob- 
server ; and  for  information  upon  these,  I prefer  a 
reference  to  the  work  itself,  to  an  attempt  to  recapi- 
tulate his  clear  and  comprehensive  statements.  The 
climate  of  London  has  altogether  received  a degree 
of  elucidation,  (to  which  I shall  be  proud  to  be  con- 
sidered to  have  contributed,  in  however  small  a de- 
gree,) which  distinguishes  it  from  any  other  on  the 
globe,  and  which,  it  may  be  hoped,  will  excite  some 
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degree  of  emulation  in  other  countries.  But  much 
remains  to  be  done  even  in  this  field  of  meteorology, 
and  it  is  probable  that  the  most  interesting  and 
practically -useful  points,  are  those  which  are  still 
enveloped  in  the  greatest  obscurity.  If  the  interest 
which  has  lately  been  excited  on  the  subject,  and 
the  consequent  spirit  of  observation  be  properly  di- 
rected, there  can  be  little  doubt  that  the  progress  to 
perfection  will  be  sure  and  rapid. 


X 


- ■-.; 

''%m 

l~'^  1 

'k  \ ^ 

. \ * 

1 ' ■ 1 

•.uO')  T^ifn  di  ‘lo 

ft’' ' ^ut^'^0 

[j>a  fd£4m  no  . 

v;-h  y:i  ^>1 

^ii  liiitioi 

iaoin^^'dtdt  '. 

Mi:b'  *fq  c 

; ;i  hnr^ 

. tfi  l>9qoLvi.  - jS 

MIG  ,!-.'4d!).j  ;»aJ  no  vUii-i  iiiiuiw  ■ 

'i{>  V^ '^Kio'Kjj  od  noijx;V'^oROO  to  ^ ^ 

o)  / ;.i*i^:'5i(j[  ocii  .V'dj  Muob '-’L’iii  " ■■'  ^ 

liiyJrr  bfiJi  olki;’  '>d  Itiif 

'.  ■ ‘^N-'  


'0 


virni'n 

’b 


‘ 'v  ’ 'ii 

, ' i .'  ' . 'V’ 

■'‘■'■■•''■.'if"  ; ,.  . ■'  d ••'■,  - :’';fc'’ ■ 

) .■  wi''.  . ,.  <..  y;;.‘k?- 


•r'i- 


'•  •-  -r’”-' 


- J .• 


y'f’5 

\c‘<  *i' 


-;  :.^m. 


'Vb.iM 

Vr./; 


tv  , t’  ' V 

' - ^ d':'.r 


.r- 

'•--rtV 


< 


^ ' - ¥ k ■>.' 

♦/  ■>>  * 


;>,r. 


j, 

f i. 


' ; ■ . '• 

... 


: /-.r/’-  - 


d?' 


METEOROLOGICAL  OBSERVATIONS 


MADE  AT 

MADEIRA,  SIERRA  LEONE,  JAMAICA,  AND  OTHER  STATIONS, 
BETWEEN  THE  TROPICS, 

By  Captain  Edward  Sabine,  R.A.,  F.R.S. 


My  friend,  Captain  Sabine,  before  his  departure 
upon  his  voyage  to  the  south,  in  1822,  for  the  pur- 
pose of  ascertaining  the  length  of  the  second’s  pen- 
dulum, at  different  stations  near  the  equator,  with 
that  unaffected  zeal  for  science,  for  which  he  is  so 
much  distinguished,  kindly  undertook  to  try  any 
experiments,  or  make  any  observations  which  I 
would  point  out  as  likely  to  be  of  interest  to  meteo- 
rology. I eagerly  embraced  so  desirable  an  offer; 
and,  not  to  be  backward  in  promoting  to  the  utmost 
of  my  ability  such  an  important  object,  I sketched 
out  some  imperfect  directions  for  his  guidance. 
The  results  which  he  communicated  to  me  upon  his 
return,  are  of  the  highest  interest  and  importance, 
and  of  particular  value,  from  his  well-known  accu- 
racy. I have  already  availed  myself  largely  of 
their  general  authority  in  the  preceding  Essays,  and 
shall  now,  with  his  liberal  permission,  proceed  to 
detail,  in  his  own  words,  the  particulars  of  his  notes. 
I shall  here  omit  such  experiments  as  relate  parti- 
cularly to  the  subjects  of  radiation,  and  the  horary 
oscillations  of  the  barometer,  as  they  are  to  be 
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found  in  the  preceding  pages.  The  observations 
commenced  at  the  island  of  Madeira. 

“ The  mountainous  parts  of  the  interior  of  Ma- 
deira have  been  rendered  accessible  to  a greater 
distance  than  formerly,  by  roads  of  recent  construc- 
tion, passable  at  most  seasons  by  mules,  or  by  the 
small  horses  of  the  island,  which  vie  with  mules  in 
the  sureness  of  their  footing.  I availed  myself  of 
the  opportunity  which  our  short  stay  afforded,  of 
making  an  excursion  to  the  summit  of  the  Pico 
Ruivo,  the  highest  of  the  island,  with  a view  to  ob- 
tain a measurement  of  its  height,  and  to  make  a first 
essay  with  a portable  barometer  having  an  iron  cis- 
tern, on  which  Mr.  Newman  had  bestowed  much 
pains,  to  obviate  the  liability  to  the  various  errors 
to  which  these  instruments  are  generally  subject. 
The  party  consisted  of  Captain  Clavering,  of  his 
Majesty’s  ship  Pheasant,  Mr.  Whitelaw,  surgeon  of 
the  Iphigenia,  Mr.  George  Don,  naturalist  of  the 
Horticultural  Society,  and  two  midshipmen  of  the 
frigate ; we  were  accompanied  by  Mr.  Blackburne, 
an  English  merchant  resident  at  Madeira,  who,  hav- 
ing before  ascended  the  Peak,  was  kind  enough  to 
undertake  to  conduct  us,  and  by  his  local  knowledge 
and  authority  over  our  Portuguese  attendants  and 
guides,  as  well  as  by  his  own  enterprising  spirit, 
enabled  us  finally  to  accomplish  our  purpose.  Lieu- 
tenant Stokes,  of  the  Iphigenia,  was  so  kind  as  to 
remain  on  board  the  frigate  throughout  the  day,  to 
note  the  variations  in  temperature  and  density  of  the 
atmosphere,  and  the  point  of  deposition  indicated 
by  the  hygrometer.  These  were  observed  hourly 
by  a chronometer,  so  as  to  be  simultaneous  with 
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Others  which  we  should  make  at  the  heights  at  which 
we  might  find  ourselves. 

“ We  quitted  Funchal  before  day-break,  and  pro- 
ceeded about  six  miles  along  the  coast  to  the  west- 
ward to  Camera  de  Loubos,  from  whence  we  com- 
menced the  ascent  in  a northerly  direction.  At 
eight  we  stopped  to  breakfast  at  the  Jardim  de 
Serra,  a house  which  Mr.  Veitch,  the  British  consul- 
general,  has  built,  at  an  elevation  of  nearly  2,800 
feet.  In  approaching  this  height,  the  vegetation 
reminded  us  at  every  step  of  England ; the  people 
of  the  country,  whom  we  met  on  their  way  to  mass, 
impressed  us  favourably  by  their  courteous  demea- 
nour towards  each  other,  as  well  as  to  strangers ; 
they  were  well,  and  even  handsomely,  clothed;  the 
men  able-bodied  and  good-looking,  but  the  women, 
almost  without  exception,  very  plain. 

“ We  found  the  temperature  at  Mr.  Veitch’s  16® 
less  than  at  Funchal,  being  a much  greater  differ- 
ence than  we  had  expected  as  due  to  the  elevation. 
An  ascent  of  about  half  an  hour  from  the  Jardim 
opens  the  first  sight  of  the  Curral,  which  struck  me, 
who  am,  however,  but  little  accustomed  to  mountain 
scenery,  as  the  most  magnificent  view  I had  ever 
seen ; the  Curral  das  Freiras,  which  means  literally, 
I believe,  the  Sheepfold  of  the  Nuns,  is  a ravine 
extending  several  miles  in  a north  and  south  direc- 
tion, and  of  considerable  width,  the  sides  extending 
four  thousand  feet  in  height,  in  character  frequently 
precipitous,  and  where  so,  being  in  fine  contrast 
with  the  deep  green  foliage  of  the  trees,  by  which 
the  sides  are  more  generally  clothed ; these  trees 
are  principally  laurels,  amongst  which  we  noticed 
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the  Nobilis,  Indica,  and  Foetens.  The  valley  of  the 
Curral  is  occupied  by  a small  river,  which  descends 
from  the  high  land  of  the  interior  with  all  the  cha- 
racter of  a mountain  torrent.  Our  route  led  into  the 
Curral,  for  the  purpose  of  ascending  its  valley,  but 
the  descent  being  impracticable  at  the  spot  where 
the  first  view  is  obtained,  the  road  continues  to 
ascend,  passing  over  an  elevated  ridge,  on  which 
there  was  much  snow.  In  descending,  on  the  Curral 
side  of  this  ridge,  and  at  some  distance  beneath  its 
summit,  is  a copious  spring,  which  collects  in  a 
shaded  basin  formed  in  the  rock  by  the  workmen 
by  whom  the  road  was  made.  The  temperature  of 
the  water  in  this  basin  was  47.2°,  that  of  the  air 
46°,  and  at  Funchal  65° ; its  elevation  4454  feet. 

“ Whilst  these  observations  were  making,  the 
summit  of  the  Pico  Ruivo,  which  was  enveloped  in 
clouds  during  the  day,  was  visible  for  some  minutes ; 
and  it  may  be  worthy  of  notice,  that  this  was  the  only 
period  in  which  the  proportion  of  moisture,  in  the  up- 
per air,  to  saturation,  was  observed  to  be  less  than  at 
Funchal.  The  wind  throughout  the  day  was  easterly 
and  light,  but  with  little  of  the  unpleasant  sensation 
which  usually  characterizes  the  Leste. 

“ The  time  pressing,  we  committed  our  horses  to 
the  Portuguese  attendants,  and  descending  ourselves 
on  foot,  more  quickly  than  we  should  have  done  on 
horseback,  although  stopping  occasionally  in  admi- 
ration of  the  splendid  scenery  on  every  side,  which 
it  was  impossible  to  pass  without  notice,  we  crossed 
at  noon  the  Ribeiro  di  Curral,  on  a tree  which  had 
fallen  across  the  torrent,  the  horses  fording  it  lower 
down,  and  pursued  a road  which  led  to  the  head  of 


BETWEEN  THE  TROPICS. 


311 


the  valley.  We  there  recommenced  the  ascent, 
and  passing  through  districts  of  brooms  and  ferns, 
entered  the  snow  at  a somewhat  lower  elevation  than 
on  the  heights  near  the  coast.  At  two  P.M.  we 
reached  the  highest  point  attainable  on  horseback, 
by  reason  of  the  depth  of  snow,  and  of  the  frequent 
quebradas,  or  breaches,  in  the  road,  caused  by  the 
descent  of  torrents.  It  is  a ridge  4380  feet  above 
the  sea,  over  which  the  road  passes  at  the  foot  of 
the  Pico  das  Torrinhas,  which  is  inferior  in  height 
only  to  the  Pico  Ruivo.  From  hence,  Mr.  Whitelaw 
and  myself  proceeded  on  foot,  the  others  of  our  party 
returning  to  the  valley  to  await  us.  Entering  a 
thick  wood  of  evergreens,  consisting  of  laurels,  of 
the  quercus  ilex,  and  of  the  erica  arborea,  which 
attains  a large  size,  and  grows  even  at  the  summit 
of  the  mountains,  we  were  soon  enveloped  in  the 
clouds  by  which  the  Peak  was  hid  from  our  sight ; 
and,  after  an  hour  and  a half’s  good  walk  through 
snow,  which  latterly  exceeded  two  feet  in  depth,  im- 
peded occasionally  by  the  quebradas  which  are 
passable  only  by  the  aid  of  roots  and  branches  of 
trees,  and  not  without  danger,  as  a slip  unrecovered 
would  generally  be  fatal,  we  attained  the  summit. 
We  experienced  no  other  inconvenience  than  being 
wet  by  the  rain,  and  a little  cold,  whilst  we  re- 
mained to  make  the  necessary  observations  to  as- 
certain the  height ; certainly  none  that  need  deter 
others  from  a similar  undertaking  at  the  same 
season  of  the  year,  when,  should  the  weather  be 
clear,  they  will  be  amply  repaid.  The  Peak  being 
nearly  in  the  centre  of  the  island,  the  view  from  it 
must  be  very  splendid,  though  of  this  we  were  only 
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able  to  form  an  imperfect  judgment  from  the  un- 
favourable circumstances  of  the  weather.  It  is  not 
otherwise  interesting  than  as  relates  to  its  height 
and  situation,  being  merely  one  of  several  pinnacles 
in  an  island  of  volcanic  formation. 

“ It  was  dark  before  we  had  rejoined  our  party  in 
the  valley.  We  had  then  to  reascend  the  opposite 
side  of  the  Curral  to  that  which  we  had  descended 
in  the  morning,  in  order  to  gain  a nearer  road  to 
Funchal  than  by  the  Jardim  de  Serra.  This  ascent 
was  more  precipitous  than  any  we  had  yet  traversed, 
and  made  those  amongst  us  feel  nervous  who  had 
not  learned  from  habit  to  confide  in  the  sure  footing 
of  the  horses,  inasmuch  as,  during  the  greater  part 
of  the  way,  a single  false  step  would  have  precipi- 
tated the  horse  and  rider  many  hundred  feet 
into  the  valley  beneath;  the  apprehensions  of 
danger  were,  perhaps,  augmented  by  the  accom- 
paniment of  torch-light,  and  induced  some  of  the 
party  to  trust  to  themselves  rather  than  to  the 
horses  ; we  all,  however,  reached  Funchal  in  safety 
by  midnight. 

‘‘  The  barometer  was  found  to  answer  extremely 
weU,  both  in  conveyance  and  in  use.  I am  not 
aware  of  any  objection  to  the  iron  cistern  to  coun- 
terbalance its  many  advantages  over  those  of  leather 
or  of  wood,  the  former  of  which  are  especially  faulty 
in  being  affected  by  damp,  whilst  the  certain  freedom 
of  the  mercury  from  air  and  moisture  in  barometers 
of  this  construction,  give  them  a decided  preference 
over  those  which  are  filled  on  the  spot,  and  which  I 
cannot  consider  as  otherwise  than  very  uncertain. 
I regret  extremely  that  I had  not  an  opportunity  of 
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ascertaining  its  performance  in  the  more  important 
ascent  of  the  Peak  of  Teneriffe,  but  our  departure 
from  England  had  been  so  long  delayed  by  contrary 
and  tempestuous  winds,  that  we  were  only  able  to 
remain  seven  hours  at  Santa  Cruz.  We  were  told, 
indeed,  that  the  Peak  was  inaccessible  in  the  winter 
season,  but  we  had  heard  the  same  at  Funchal  of 
the  Pico  Ruivo.  I am  aware  that  the  difficulty  in  the 
two  cases  does  not  admit  of  comparison,  but  the  true 
interpretation  is,  that  neither  is  accessible  without 
more  exertion  than  travellers  are  ordinarily  disposed 
to  bestow.  Had  Sir  Robert  Mends  felt  at  liberty  to 
have  remained  at  Teneriffe  for  three  days,  we  should 
certainly  have  made  the  attempt ; and  as  Captain 
Baudin  succeeded  in  December,  I trust  we  should 
not  have  failed  in  January.  The  precise  determi- 
nation of  the  height  of  this  peak  is  yet  to  be  accom- 
plished, and  appears  worthy  of  being  undertaken, 
were  it  only  to  submit  barometric  measurement  to 
the  test  of  a more  exact  comparison  with  the  geo- 
metric method,  (both  conducted  with  the  precision  of 
which  modern  instruments  are  capable,)  than  has 
yet  been  effected.  A residence  of  some  days,  at 
the  proper  season,  near  the  summit  of  this  remark- 
able Peak,  which  rises  so  abruptly,  and  to  so  great 
an  elevation,  from  the  middle  of  the  basin  of  the 
Atlantic,  might  indeed  be  expected  to  produce 
many  important  meteorological  and  other  results; 
and  would  certainly  throw  much  light  on  the  extent 
of  variation,  to  which  barometric  measurement  is 
liable,  from  varying  circumstances  connected  with 
the  atmosphere  itself,  independently  of  errors  of  in- 
strument or  observation,  or  of  the  formula  by  which 
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a result  is  deduced ; the  limit  within  which  this 
liability  might  be  apprehended,  would  appear,  by  a 
comparison  of  the  registry  of  the  barometer  at  the 
top  and  at  the  bottom,  continued  for  a sufficient 
time. 

' “We  experienced  a similar  disappointment,  and 
scarcely  in  an  inferior  degree,  in  passing  hastily  by 
Fuego,  one  of  the  Cape  de  Verds.  I am  not  aware 
of  any  good  account  of  this  very  remarkable  island 
having  been  published,  and  am  surprised  that  it  has 
been  so  little  visited.  It  rises  in  a cone  almost 
from  the  water’s  edge,  to  an  height  much  exceeding 
that  of  St.  Antonio,  which  is  estimated  by  Captain 
Horsburg  at  7400  feet,  and  we  had  reason  to  con- 
clude, from  the  angle  which  it  subtended  at  different 
distances,  justly  estimated.  The  summit  of  Fuego 
was  visible  from  the  ship  for  two  days,  rising  much 
above  the  clouds,  and  always  clear  ; no  smoke  pro- 
ceeded from  it,  although  it  is  said  to  be  generally 
burning.  I cannot  conceive  a station  more  eligible 
for  interesting  experiments,  connected  with  the 
relations  of  heat  and  moisture  to  the  atmosphere. 

“ The  detail  of  the  observations,  and  the  heights 
computed  from  them,  is  as  follows: — 


Observations  made  at  Madeira,  J anuary  13,  1822,  to  determine  the  Elevation  of  several 
Stations  in  the  ascent  to  the  Pico  Ruivo, 
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“ The  results  have  been  deduced  in  the  manner 
explained  in  Mr.  Daniell’s  paper,  ‘ On  the  Cor- 
rections to  be  applied  in  Barometric  Mensuration,’ 
published  in  No.  XXV.  of  the  Quarterly  Journal  of 
the  Royal  Institution;  the  barometric  differences 
have  been  augmented  by  as  68  inches  of  mer- 
cury in  the  tube  are  equivalent  to  one  inch  in  the 
cistern;  and  of  the  approximate  result  has 
been  added,  as  a correction  due  to  the  variation 
in  density  of  the  atmosphere,  in  the  latitude  of 
Madeira. 

“ Between  Aladeira  and  Sierra  Leone. — We  entered 
the  trades  on  the  20th  of  January,  in  lat.  24-|-°  N., 
and  long.  19°  W. ; between  which,  and  the  Cape  Verd 
Islands,  the  point  of  deposition  varied  from  60.5°  at 
eight  A.M. ; air  69°,  and  surface  water  68.25°,  to 
62°;  air  70.6°  to  71.2°  at  noon,  and  six  P.M.,  on 
each  of  the  21st,  22nd,  23rd,  and  24th,  days  of 
January.  When  amongst  the  islands,  between  San 
Vincente  and  St.  Jago,  the  breeze  being  rather 
fresher  than  customary,  and  the  weather  as  usual, 
clear  without  haze,  the  point  of  deposition  was  as 
low  as  54.8°,  air  71.2°,  surface  water  71.2°. 

“ In  the  due-east  passage  from  the  Cape  Verd 
Islands  to  Cape  Verd  on  the  Continent,  (400  miles,) 
the  point  of  deposition  (as  usual  at  eight,  or  rather 
half-past  seven,  noon  and  sun- set,)  varied  from  63° 
to  64° ; air  from  70.2°  to  71.2°;  until  at  eight  A.M. 
on  the  31st,  approaching  Cape  Verd,  then  twenty- 
six  miles  distant,  and  not  in  sight,  it  fell  to  61.5° ; 
air  70°;  surface  water  having  also  fallen  from  71° 
to  69.6°.  At  noon  we  were  between  three  and 
four  miles  from  Goree;  deposition  57.5°,  air  70°, 
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water  64°.  At  sun-set,  again  proceeding,  more  dis- 
tant from  the  coast,  to  St.  Mary’s,  60.5°,  air  69°, 
water  65° ; and  on  the  following  morning,  at  sun- 
rise, anchored  in  the  Gambia  River,  twenty  miles 
from  St.  Mary’s;  point  of  deposition  50°,  (and  at 
noon  51.5°),  air  69°,  water  of  the  surface  67.5°; 
and  at  thirty-four  feet  depth,  66.5°,  being  two  feet 
above  a hard,  sandy  bottom.  On  the  2nd  of  Fe- 
bruary we  anchored  off  Bathurst,  higher  up  in  the 
Gambia  River;  point  of  depression  48.5°  to  49.5°, 
air  69°,  on  the  2nd,  3rd,  and  4th;  but  on  the  5th, 
in  the  forenoon,  something  approaching  to  a Har- 
mattan  took  place,  the  wind  fresh  from  the  N.N.E. 
to  N.E. ; the  weather  hazy  towards  the  horizon;  the 
point  of  deposition  37.5°,  air  66.5°,  and  water  the 
same.  We  sailed  in  the  afternoon,  when  the  wind 
shifted  to  the  N.W.,  and  the  point  of  deposition 
rose  to  60.5°,  air  70°,  at  six  P.M. 

“ Between  the  Gambia  and  the  River  Sierra  Leone, 
we  were  usually  off,  and  in  sight  of,  the  coast ; oc- 
casionally waiting  off  the  mouths  of  the  larger 
rivers.  Whilst  at  anchor  off  Cape  Roxo,  (four 
miles  distant,)  we  had  the  air  68.5®  to  67°;  point  of 
deposition  varying  from  56.5°  to  60°  in  the  course 
of  the  day,  (Tth  and  8th  of  February;)  surface 
water  68°.  On  the  9th  of  February  we  passed 
outside  the  Bissao  shoals  to  the  mouth  of  the  River 
Grande ; air  71°  to  70.2°,  hygrometer  64°,  surface 
water  66.5;  and  when  anchored  off  the  mouth  of 
the  Rio  Grande,  the  air  was  warmer,  (on  the 
' 10th  and  11th  of  February,)  73°  to  74.5°;  being 
warmed  by  the  river  water,  the  surface  of  which 
was  75°  off  the  mouth ; and  more  moist,  the  point  of 
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deposition  being  64°  at  eight  A.M.,  66°  at  noon, 
68°  at  six  P.M.,  69°  at  midnight. 

‘‘  Sierra  Leone. — From  the  latter  end  of  February 
to  the  beginning  of  April,  at  half  an  hour  after  sun- 
rise, the  point  of  deposition  was  usually  found  from 
68°  to  71.5°,  air  75°  to  78°;  at  which  time,  and 
until  the  sea-breeze  sets  in,  a calm  prevails,  and 
causes  it  to  be  the  most  oppressive  period  in  the 
twenty-four  hours.  About  ten  or  eleven  the  sea- 
breeze  commences  usually  in  the  N.W.,  freshening, 
and  becoming  more  westerly  as  the  day  advances. 
With  this  wind  the  point  of  deposition  generally 
advances  about  2°  by  noon,  and  the  air  to  the 
average  of  81°:  in  the  afternoon,  little  or  no  regular 
change  is  perceptible  in  the  point  of  deposition — 
not  equal  to  1°  ; whilst  the  air  advances  to  83°  and 
84°.  Towards  the  evening  the  sea-breeze  dies  away, 
and  the  land  wind  gradually  springs  up;  and  at 
ten  P.M.  I generally  found  the  point  of  deposition 
5°  or  6°  less  than  at  half  an  hour,  or  an  hour,  after 
sun-rise  the  following  morning.  The  overage  maxi- 
mum of  the  hygrometer,  dail^,  was  72.7°;  the  par- 
ticular observations  varying  from  70°  to  75°;  the 
minimum  may  be  inferred  to  have  been  below 
73.2°,  which  is  the  average  minimum  of  a register 
thermometer,  suspended  a foot  above  the  parapet  of 
the  bastion  of  Fort  Thornton,  in  a fair  exposure; 
and  which,  consequently,  was  not  so  low,  as  if  it 
had  been  placed  on  vegetation  on  the  ground.  This 
average  is  a mean  of  twenty  nights ; the  particular 
observations  varying  from  72.5°  to  74®.  On  two 
of  these  nights  the  thermometer  was  placed  flat  on 
the  ground  of  the  parapet ; on  two  others,  suspended 
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by  a cord,  extended  from  parapet  to  parapet,  across 
the  bastion;  in  two  others,  placed  in  a copper- 
inverted  cone,  highly  polished  on  the  outside,  and 
blackened  within;  and  in  all  the  other  nights, 
strung  across,  between  the  pillars  of  my  transit, 
(the  instrument  itself  being  removed,)  on  the  para- 
pet. The  register  thermometer  was  of  Six’s  con- 
struction; the  cylindrical  bulb  blackened,  and 
wrapped  in  black  wool;  the  wooden  back  hollowed 
out  in  the  centre.  In  the  various  situations  it  ap- 
peared to  be  alike  affected.  It  being  the  dry  season, 
there  was  not  a tuft  of  vegetation  (excepting  trees) 
within  any  moderate  distance  of  the  fort.  That  a 
greater  difference  does  not  take  place  between  a 
thermometer  thus  exposed,  and  one  under  shelter, 
measuring,  as  nearly  as  may  be,  the  true  tempe- 
rature of  the  atmosphere,  may,  perhaps,  be  caused 
by  the  peculiar  situation  of  Free-town,  immediately 
inland  of  which  a ridge  of  mountains  rises  some- 
what abruptly ; and  the  cold  air  from  hence  is  brought 
down  immediately  to  Free-town  by  the  land  wind, 
which  prevails  at  night.  Free-town  has  also  the 
sea  on  the  west,  and  a river  of  several  miles’  width 
on  the  north ; these  circumstances  combined,  seem 
to  explain  the  reason,  why  the  usual  effects  of  ra- 
diation should  be  lessened,  whilst  the  air  intro- 
duced is  colder  than  if  the  whole  country  were  on 
the  same  level. 
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True  mean  daily  temp.  . . 

Mean  of  the  extremes  . . 

A (Six’s)  Registering  Thermometer  was  suspended  in  a copper  cylinder,  highly  polished  on  the  outside,  and  pierced  with  holes  in  the 
top  and  bottom,  to  admit  a free  current  of  air ; the  cylinder  itself  was  suspended  five  feet  from  the  ground,  in  a thorough  draft  under  a 
roof  on  the  parapet  of  the  bastion  of  the  fort : a mean  of  the  register  of  the  thermometer  at  8|  A.M.  is  under  the  true  mean  temperature, 
and  at  9 A.M.  as  much  above  it. 
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Details  of  a Barometrical  Measurement  of  the 
Sugar-loaf  Mountain. — The  Sugar-loaf,  so  called  from 
its  shape,  is  the  highest  point  of  the  mountain  district 
of  the  colony,  included  as  yet  within  the  limit  to 
which  cultivation  has  extended.  This  district  is 
the  site  of  the  twelve  most  interesting  settlements 
of  liberated  Africans,  from  the  principal  of  which. 
Regent-town,  it  is  distant  about  three  miles,  being 
altogether  about  eight  or  nine  from  Free-town,  the 
seat  of  government:  a road  has  been  opened  by  the 
inhabitants  of  Regent-town,  by  which  the  summit  is 
accessible,  and  has  been  sufficiently  cleared  of  its 
forest-trees  to  admit  the  view  around.  In  the  con- 
tinuation of  the  Sierra  towards  the  south,  at  about 
twenty  miles’  distance,  the  land  appears  to  attain  a 
greater  general  elevation  than  in  the  neighbourhood 
of  the  Sugar-loaf,  and  there  are  several  points,  es- 
pecially, which  are  probably  much  higher:  to  these 
there  is  as  yet  no  road,  but  from  the  very  rapid  ad- 
vance which  the  colony  is  making  in  population  and 
in  settlement,  it  cannot  be  doubted  that  these  points 
must  very  shortly  be  necessarily  included  in  the 
Colonial  Survey. 

“ Dr.  Nicol,  deputy-inspector  of  army  hospitals, 
was  kind  enough  to  allow  me  the  use  of  a station- 
ary barometer,  in  excellent  order,  made  by  Cary, 
and  the  property,  I believe,  of  the  College  of  Phy- 
sicians : it  is  the  same  instrument  which  has  since 
accompanied  Captain  Laing  in  his  very  interest- 
ing excursion  to  the  Soolima  country,  in  which  the 
Niger  takes  its  rise,  and  which  has  enabled  him  to 
ascertain  satisfactorily  the  elevation  at  which  that 

Y 


322 


METEOROLOGICAL  OBSERVATIONS 


river  originates  its  yet  unknown  course.  The  ac- 
cordance of  the  portable  barometer  with  the  sta- 
tionary was  examined  before  and  after  the  observa- 
tions for  the  measurement ; the  latter  was  placed  in 
the  room  in  Fort  Thornton,  in  which  my  pendulum 
experiments  were  made,  and  its  height,  conse- 
quently, above  half  tide,  carefully  ascertained  by 
levelling,  was  known,  with  tolerable  precision,  to 
be  190  feet.  The  variations  in  the  density  and  tem- 
perature of  the  atmosphere,  and  in  the  point  of  de- 
position of  moisture,  as  indicated  by  the  hygro- 
meter, were  observed  at  this  spot  by  Captain  Laing, 
at  stated  periods,  with  a chronometer,  on  the  28th 
of  March,  so  as  to  be  simultaneous  with  such  as 
should  be  made  at  elevations. 

I shall  confine  myself  to  stating  the  data  neces- 
sary for  the  calculation  of  the  heights  of  the  clergy- 
man’s house  at  Regent-town,  and  of  the  summit  of 
the  Sugar-loaf.  At  the  first  of  these  stations,  the 
barometer,*  having  been  suspended  above  an  hour, 
five  feet  below  the  gallery  which  surrounds  the  cler- 
gyman’s house,  shewed  at  seven,  A.M.,  on  the 
twenty-eighth  March,  29.017  in.,  th.  74.5°,  and  the 
point  of  deposition  57° ; the  corresponding  obser- 
vations at  Fort  Thornton  were  29.820  in.,  th.  79.5°, 
and  the  point  of  deposition  66°.  At  eleven,  A.M., 
on  the  same  day,  the  barometer  being  suspended 
in  the  shade,  at  the  summit  of  the  Sugar-loaf,  the 
cistern  1|  foot  below  the  highest  point,  was  suf- 
fered to  remain  until  twelve  o’clock,  that  the  mer- 
cury might  acquire  the  temperature  shewn  by  the 
attached  thermometer;  when  the  observations  regis- 
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tered  were  27.560  in.,  th.  82.2°,  and  the  dew  point 
70°, — those  at  Fort  Thornton  being  29.795  in.  th. 
84°,  and  the  dew  point  70°,  also. 

“ The  mercury  being  reduced  to  the  same  tempe- 
rature at  the  upper  and  lower  stations,  and  A of  the 
differences  in  the  heights  of  the  column  being  added, 
on  account  of  the  respective  diameters  of  the  tube 
and  cistern  of  the  barometer;  the  true  differences 
are,  between  Fort  Thornton  and  Regent-town  .8 
in.,  and  between  Fort  Thornton  and  the  Sugar-loaf 
2.263  in.,  at  the  temperatures  of  the  air,  and  under 
the  pressure  of  the  amount  of  atmospheric  vapour 
specified  above.  The  approximate  heights  due  to 
these  differences  being  corrected  for  the  latter  cir- 
cumstances, it  results  that  the  floor  of  the  gallery 
of  the  clergyman’s  house  at  Regent-town  is  983.6 
feet,  and  the  summit  of  the  Sugar-loaf,  2521.6 
feet  above  the  sea. 

‘‘  I have  taken  the  liberty  to  add  (though  without 
permission)  an  extract  of  a letter  which  I have  re- 
ceived, since  my  return  to  England,  from  Thomas 
Stuart  Buckle,  esq. , engineer  and  surveyor  of  the 
colony,  stating  the  result  of  a comparative  geome- 
trical measurement.  ‘‘  I was  much  gratified  to  find, 
on  computing  the  altitude  of  the  Sugar-loaf,  from  the 
trigonometrical  observations  that  I had  taken,  that 
the  result  differs  from  your  barometrical  measure- 
ment only  a few  feet : I make  its  height  2493  feet ; 
the  height  of  Leicester  Mountain  I computed  to  be 
1954,  and  it  was  sufficiently  satisfactory,  on  taking 
into  account  the  distance  of  the  Sugar-loaf  from  Lei- 
cester Mountain,  and  the  excess  of  its  height  above 
that  of  Leicester  Mountain,  that  the  result  of  the 
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latter  was  537  feet,  which,  added  to  1954,  amounts 
to  2491,  differing  from  the  former  calculation  only 
two  feet.” 

“ I shall  here  add  the  barometric  measurements  of 
well-known  places  in  the  islands  of  Ascension,  Tri- 
nidad, and  Jamaica ; but  I am  not  aware  of  any 
previous  results  with  which  to  compare  them. 

“ Height  of  the  Mountain-house  at  Ascension, — July 
9th,  1822,  at  9^"  30”  A.M.,  a barometer,  seventeen 
feet  above  the  sea,  in  a room  in  the  Barrack-square 
at  Ascension,  stood  at  30.165  in.,  the  temperature 
of  the  air  and  mercury  being  83°,  and  of  the  point 
of  deposition  68° ; whilst,  at  the  same  time,  another 
barometer,  three  feet  above  the  floor  of  the  Moun- 
tain-house, stood  at  27.950  in.,  the  air  and  mercury 
70.3,  and  the  point  of  deposition  66.5.  From  these 
data,  the  floor  of  the  Mountain-house  would  appear 
2221 .8  feet  above  the  sea. 

“ The  upper  barometer  was  then  taken  to  the  sum- 
mit of  the  island,  but  the  registry  at  that  height  has 
been  mislaid  ; it  was  27.3  and  some  hundreds,  being 
less  than  700  feet  above  the  Mountain-house ; con- 
sequently, the  highest  part  of  Ascension  is  under 
3000  feet:  on  returning  from  the  summit,  the  ba- 
rometer was  replaced  three  feet  above  the  floor  of 
the  house,  and  flowed  to  remain  until  the  mercury 
should  have  acquired  the  temperature  of  the  air,  when, 
at  P 30”  PM.,  its  height  was 27.937 in.,  air  and  mer- 
cury 72°,  point  of  deposition  68°,  and  in  the  lower 
barometer  30.137  in.,  air  and  mercury  84.5,  point 
of  deposition  71°,  whence  the  height  of  the  floor  of 
the  Mountain-house  results  2219  feet  above  the  sea, 
being  three  feet  less  than  the  first  measurement. 
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The  mean,  consequently,  or  2220.5  feet,  is  consi- 
dered the  correct  elevation. 

“ Height  of  the  Block-house  at  Fort  George,  Trmidad. 
— October  9th,  1822,  at  8**  30“  A.M.,  a barometer, 
four  and  a half  feet  above  the  foundation  of  the 
Block-house,  stood  at  29.000  in.,  the  air  and  mer- 
cury being  76.5,  and  the  point  of  deposition  76.5 
also,  with  slight  rain.  The  corresponding  height 
of  the  barometer,  at  the  same  time,  in  the  Protes- 
tant church  in  Port  Spain,  twenty  feet  above  the 
sea,  was  30.058  in.,  air  and  mercury  82°,  and  the 
point  of  deposition  77°.  Whence  the  foundation  of 
the  Block-house  would  appear  1067  feet  above  the 
sea. 

“ Height  of  Mr,  Robert  Chisholm's  House,  in  the 
PorURoyal  Mountains,  Jamaica, — October  31st,  at 
4h  3Qm  p a barometer,  suspended  against  the 
wall  of  Mr.  Chisholm’s  house,  two  feet  above  the 
ground,  stood  at  25.967  in.,  the  air  and  mercury 
being  68.5,  and  the  point  of  deposition  68.5  also ; 
and  on  the  2d  of  November,  at  six  A.M.,  at  25.963 
in.,  the  air  and  mercury  65®,  and  the  point  of  de- 
position 60°.  The  corresponding  observations  at 
Port  Royal,  at  the  same  hours,  eight  feet  above  the 
sea,  were — " 

Oct.  31, — Bar.30.007;  Air,  82.5  ; Merc.,  84.5  ; Dewpoint,  77 
Nov.  2,  30,023  78.  78.  72 

Whence  the  height  of  the  ground  on  which  Mr. 
Chisholm’s  house  stands,  results  respectively, 
4087.9  feet,  and  4072.7  feet,  the  mean  being  4080.3 
feet  above  the  sea. 

“ All  the  observations  at  heights  were  made  with 
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the  same  portable  barometer;  therefore,  is 
added  throughout  to  the  barometric  differences  on 
account  of  the  ratio  of  the  diameters  of  the  tube  and 
cistern.  The  height  of  the  column  of  mercury,  in 
the  upper  and  lower  barometer,  under  equal  pres- 
sure, was  in  all  cases  carefully  examined,  and  the 
difference,  if  any,  allowed  as  an  index  error  to  the 
lower  barometer.  I have  great  pleasure  in  remark- 
ing, that  I found  much  less  difficulty  than  I had  an- 
ticipated, in  getting  corresponding  observations 
made  with  the  hygrometer,  on  the  correctness  of 
which  I could  sufficiently  depend  : the  ingenuity  in 
the  principle  of  this  instrument,  and  the  simplicity 
of  its  application,  together  with  the  decisive  nature 
of  the  results  which  it  gives,  independent  of  the 
labour,  and,  at  best,  the  uncertainty  of  formulaic 
deduction,  form  its  great  advantage  over  the  me- 
thods by  evaporation,  or  the  indications  of  hygros- 
copic substances:  these  particulars  excite  an  in- 
terest in  its  trial,  in  persons  to  whom  it  was  pre- 
viously unknown,  which  is  probably  the  reason  that 
the  distrust,  which  is  almost  always,  in  the  first 
instance,  expressed  of  precision  in  the  observation 
itself,  is  found  to  give  way  in  practice  so  much 
sooner  than  might  be  supposed.  It  may  be  useful 
also  to  travellers  in  warm  climates,  to  add  a remark 
from  my  own  experience,  that  in  ascending  eleva- 
tions, or  in  journeying  inland  over  rough  roads,  the 
ether  carries  perfectly  well  in  a bottle  in  the  waist- 
coat-pocket,  with  a common  cork  capped  with 
leather ; and  that  the  expenditure  of  ether  altoge- 
ther will  probably  fall  much  short  of  the  estimate, 
as,  with  ordinary  care,  very  little  will  be  wasted.” 
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Indications  of  DanielVs  Hygrometer,  in  the  Gulf  of 
Guinea,  between  the  and  the  \5th  of  May, 
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Air. 
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“ At  St.  Thomas’s,  between  the  26th  of  May  and 
the  12th  of  June,  the  range  of  the  hygrometer, 
observed  generally  three  times  a day,  in  a house 
by  the  sea-side,  with  an  extensive  swamp  behind 
it,  was  limited  to  71°-  and  74.5°;  the  tempera- 
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ture  of  the  air  ranging  from  74  and  75  at  night,  to 
85  and  86  in  the  day : (the  nights  being  cooled  by 
the  air  descending  from  the  high  land  of  the  in- 
terior ;)  the  average  moisture,  relatively  to  that  of 
the  Gulf  of  Guinea,  generally,  and  away  from  the 
land,  may  be  considered  at  a mean  between  the 
extremes  corresponding  to  the  observation  above 
mentioned  ; i.  e.,  79.6,  to  85.1. 

“ On  passage  between  the  River  Gaborn,  on  the 
coast  of  Africa,  under  the  equator,  and  the  Island  of 
Ascension,  in  7°  south  latitude,  and  midway  be- 
tween Africa  and  America,  I obtained  the  following 
results : — 
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Close  in  with  Ascension. 

“ During  ten  days*  residence  at  Ascension,  the 
thermometer,  sheltered,  varied  between  75°  and  84° 
during  the  24  hours.  The  point  of  deposition 
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from  65°,  before  sunrise,  to  70.5  once,  and  gene- 
rally to  69  and  70  in  the  afternoon.  The  details  of 
a barometrical  measurement  of  the  height  of  Ascen- 
sion have  been  given  above. 

Bahia. — Place  of  observation,  a plateau  unshel- 
tered, between  the  consul’s  house,  and  the  edge  of 
a cliff  213  feet  above  the  sea,  facing  the  harbour 
of  St.  Salvador. 

The  following  Table  contains  the  observations 
for  the  mean  temperature  of  the  air,  made  with  a 
transparent  register  thermometer,  suspended  in  a 
polished  copper  cylinder,  with  holes  at  the  top 
and  bottom,  in  a fair  exposure  to  the  wind,  but 
sheltered  from  the  heavens,  eight  feet  above  the 
ground: — 
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“ From  the  twenty-third  to  the  twenty- seventh,  the 
point  of  deposition  varied  in  the  day,  i.  e.,  from  six 
A.M.,  to  six  P.M.,  between  66°,  and  70.5°,  being 
on  each  day  either  70°  or  70.5°  in  the  afternoon. — 
After  the  southerly  winds  set  in,  on  the  twenty- 
eighth,  with  occasional  rain,  the  point  of  deposition 
varied  from  61°  to  64°,  at  the  same  hours,  and  con- 
tinued so  until  the  end  of  the  month,  except,  of 
course,  when  the  rain  was  actually  falling. 

“ On  the  passage  along  the  Brazil  coast,  between 
Bahia  and  Pernambuco,  generally  in  sight  of  land, 
the  temperature  varied  between  74.4°  and  78.4°, 
the  point  of  deposition  between  66.5°  and  70.3°,  and 
the  surface  water  between  77.1°  and  78°,  all  being 
observed  at  three  periods  of  the  day,  before  eight, 
after  noon,  and  before  sun-set. 

“ Between  Pernambuco  and  Maranham,  also  along 
the  Brazil  coast,  temperature  76.5°  to  78.5°,  surface 
77.8°  to  78.2°,  and  the  point  of  deposition  from  70° 
to  74°. 

“ At  Maranham  we  inhabited  a house  in  the  mid- 
dle of  the  city,  without  a garden  or  court ; conse- 
quently, we  observed  only  the  hygrometer  and  a 
thermometer  in  our  upper  room  in  the  house,  open 
in  every  direction,  and  surrounded  by  a gallery  and 
viranda;  the  thermometer,  at  midnight,  was  gene- 
rally 76°  or  77°.  At  six  A.M.,  80°,  at  noon  84°, 
and  at  sun-set  82°.  The  point  of  deposition  very 
regularly  71°  at  midnight,  and  rising  to  73°  in  the 
day,  being  only  once  observed  so  low  as  69°. 

“ Between iV/ara?iAam  andTnwzdarf,  the  air,  during 
the  day,  from  79”  to  83”,  the  point  of  deposition 
from  73”  to  75.5” — the  surface  water  from  83”  to 
84”. 
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“ Port  Spain,  Trinidad, — A transparent  register 
thermometer  was  suspended  in  a copper  cylinder, 
pierced  with  holes  at  the  top  and  bottom,  in  the 
centre  of  the  belfry,  in  the  tower  of  the  new  Pro- 
testant church,  open  to  the  wind  on  the  four  sides, 
by  windows  fitted  with  Venetian  shutters.  The 
pavement  of  the  church  was  eighteen  feet  above  the 
level  of  the  sea:  the  maximum  and  minimum  of  the  , 
thermometer  were  registered  each  day  at  noon. 


Date. 

Air. 

Mean. 

0 

O 

0 

Sept.  23  and  24 

74. 

88. 

81. 

24  and  25 

74. 

86. 

80. 

25  and  20 

73.5 

86. 

79.75 

26  and  27 

74  75 

86.25 

80.5 

27  and  28 

74. 

84.5 

79.5 

28  and  29 

73. 

85 

79. 

29  and  30 

75. 

87.5 

81.25 

30  and  1 Oct. 

74. 

85.5 

79.97 

1 and  2 

72. 

88. 

80. 

80.11 

Lat.  10”  N. 

“ The  sun  had  passed  the  corresponding  declina- 
tion, and  had  arrived  at  the  equator. 

“ Between  Trinidad  and  Jamaica,  in  the  run 
across  the  Caribbean  sea,  the  following  were  the 
observations: — 
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Date. 

Time. 

Air. 

Point  of 
Deposition. 

OBSERVATIONS. 

Oct.  11 

8 A.M. 

83*!  2 

77.5 

Clouded,  strong  breeze. 

— 

2\  P.M. 

83. 

78.5 

Clouded,  less  wind. 

^ Clear  sunshine,  fresh 

12 

8 A.M. 

82. 

76.5 

( breeze. 

13 

8 A.M. 

83. 

77.5 

Sunshine,  with  clouds. 

14 

8 A.M. 

82. 

78. 

Sunshine,  with  clouds. 

15 

8 A.M. 

82. 

rain 

Heavily  clouded. 

16 

8 A.M. 

83.4 

77.5 

Sunshine  and  fine. 

17 

8 A.M. 

82. 

78. 

Fine. 

— 

Noon. 

82. 

77. 

“ Port  Royal,  Jamaica, 

“ For  the  Mean  Temperature, — A register  thermo- 
meter was  suspended  in  a copper  cylinder,  pierced 
with  holes  in  the  top  and  bottom,  in  a free  current 
of  air,  in  Fort  Charles,  sheltered  by  a platform 
overhead,  and  exposed  to  the  draft  of  the  sea  breeze 
through  an  embrazure,  in  which  the  thermometer 
was  placed.  It  was  200  feet  distant  from  the  wind- 
ward shore  of  Port  Royal,  and  the  height  above 
the  sea,  eight  feet. 


Date. 

Extremes  Registered. 

Mean. 

OBSERVATIONS. 

Oct.  23  to  24 

GD 

O 

77. 

80.25 

f Weather  continually 
< clouded,  and  esteem- 

24  to  25 

84.5 

78. 

81.25 

t ed  unusually  cold. 

25  to  26 

86. 

76. 

81. 

26  to  27 

87. 

76. 

81.5 

27  to  28 

86. 

76. 

81. 

28  to  29 

86 . 5 

76. 

81.25 

29  to  SO 

87.5 

76.5 

81.5 

Nov.  4 to  5 

86. 

76. 

81. 

81.  17 
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Hygomttry, — Between  the  twenty-first  October, 
and  the  thirtieth,  the  maximum  of  the  point  of  de- 
position varied  on  different  days,  between  76®  and 
78®.” 

The  particulars  of  a measurement  of  the  moun- 
tains of  Jamaica  have  been  already  given. 


METEOROLOGICAL  OBSERVATIONS 

IN  BRAZIL,  AND  ON  THE  EQUATOR, 

By  Alexander  Caldcleugh,  Esq. 


I AM  indebted  to  the  obliging  attention  of  Mr. 
Caldcleugh  for  the  following  interesting  particulars 
of  the  climate  of  Brazil,  and  observations  in  the 
northern  and  southern  trade  winds: — 

“ The  summer  at  Rio  de  Janeiro  begins  about  the 
months  of  October  or  November,  and  lasts  until 
March  or  April.  This  is  the  wet  season,  but  the 
rains  by  no  means  descend  from  morning  till  night, 
as  in  some  other  tropical  countries,  but  commence, 
generally,  every  afternoon,  about  four  or  five  o’clock 
with  a thunderstorm.  The  heaviness  of  the  rain 
can  only  be  conceived  by  those  who  have  been 
in  these  latitudes.  This  fall  naturally  arrests  the 
sea-breeze,  and  the  succeeding  night  is  dark  and 
cloudy.  Formerly  these  diurnal  rains  came  on 
with  such  regularity,  that  it  was  usual,  in  forming 
parties  of  pleasure,  to  arrange  whether  they  should 
take  place  before  or  after  the  storm.  During  this 
period  of  the  year  there  is  seldom,  if  ever,  a depo- 
sition of  dew. 

From  April  until  September  very  little  rain  falls: 
vegetation  almost  stops,  and  to  the  eye  of  every 
one  who  has  not  just  arrived  from  Europe,  a 
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wintery  appearance  is  discernible.  The  land  and 
sea  breezes  do  not  succeed  each  other  with  the 
same  regularity,  and  are,  besides,  more  frequently 
disturbed  by  violent  gusts  from  the  S.W.,  imagined 
to  be  the  tails  of  those  destructive  winds,  the  Pam- 
peros of  the  River  Plate.  The  nights  are  beauti- 
fully clear;  Venus  casts  a shadow,  and  the  southern 
constellations  are  seen  in  all  their  beauty.  The 
dews,  as  might  be  expected,  are  at  this  season 
very  copious.  The  annual  mean  height  of  the 
barometer  in  Rio  de  Janeiro  is  about  30.275, 
and  of  the  thermometer  a fraction  above  73°  Fah- 
renheit. 

The  particular  observations  upon  the  climate 
which  I was  enabled  to  make  during  my  residence 
in  the  country,  are  contained  in  the  following 
Journal : — 


m 


' ,v 


Mr.  Caldcleugh’s  Meteorological  Journal^  commencing 
at  Rio  Janeiro,  1st  August,  1821,  and  continued  on 
the  Route  to  Villa  Rica. 
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Dew 

Point. 

Differ- 

ence. 

1 Weight 

I Vapour  in 
Grains  in 
Cubic  foot. 

1 REMARKS, 

i Observations  at  12  o’clock,  when  not  otherwise  expre  sed. 

60 

11 

5.560 

Fine. 

59 

5.467 

Fine. 

62 

9 

6.029 

Fine,  a little  cloudy. 

58 

11 

5.293 

Fine. 

56 

14 

4.939 

Fine,  regular  breezes. 

55 

17 

4.756 

Fine. 

57 

16 

5.080 

Fine. 

56 

17 

4.909 

Fine. 

57 

15 

5.089 

Fine, 

55 

171 

4.756 

Fine. 

55 

17 

4.756 

Fine. 

56 

16| 

4.918 

Fine, 

58 

15 

5.251 

Fine. 

57 

5.080 

Fine. 

59 

14 

5.434 

Fine. 

59 

15 

5.425 

Fine. 

58 

16 

5.242 

Fine. 

66 

13 

5.625 

Fine. 

62 

13 

5.982 

Fine — Late  sea  breeze. 

63 

11 

6.184 

Fine. 

60 

5.616 

Fine. 

57 

17 

5.070 

Fine. 

69 

8 

7.430 

Late  sea  breeze — Rain  at  night. 

66 

7 

6.824 

Fine. 

64 

10 

6.387 

Fine. 

65 

10 

6.493 

Fine. 

67 

8 

6.909 

Fine. 

74 

5 

8.715 

Warm,  heavy  rain  at  night. 

z s 
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Thermometer. 

Day  of  the 
Month. 

Face  of  the 

Barometer 

Locality. 

Country. 

noon. 

Attd. 

Detd. 

Aug.  29 

Rio  de  Janeiro 

74 

30 

Left  Rio  de  Janeiro 

29.753 

75 

76 

31 

Porto  d’Estrella 

} 

Swampy. 

29.801 

75 

75 

Sept.  1 

Mandioca  

J 

29.654 

71 

70 

99 

Pass  of  the  Organ  Mountains  . 

27.152 

67 

68 

2 

Padre  Correa 

27.752 

66 

65 

3 

T3 

28.152 

68§ 

671 

T3 

4 

Three  leagues  in  advance  . . . 

O 

o 

29.250 

68 

66 

99 

Over  the  Valley  of  the  Paraiba 

28.202 

80| 

80 

Bank  of  the  Paraibuna  .... 

29.902 

78 

00 

T? 

5 

, a 

) S 

29.150 

78 

78 

6 

Mathias  Barbosa 

' o 
s 

28.602 

68 

67 

B 

TVTr»rm  dp  Midpiras 

27.650 

74 

72 

99 

7 

Alcaide  M6r 

§ 

S 

27.701 

65 

65^ 

Chapeo  d’Uvas 

s 

27.600 

74 

751 

(U 

1-1 

8 

» 

"S 

W 

27.751 

64 

65 

9 

Montiqueira 

27.351 

59 

58 

Height  of  the  Serra 

26.601 

64 

10 

Barbacena 

26.552 

50 

52 

11 

Four  leagues  in  advance  . • . 

Open  plain 
with  little 

58 

12 

Qiipliiz  Villa. 

'"timber  but 

27.003 

60| 

591 

the  pine. 

13 

Congonha  do  Campo 

27.302 

591 

591 

vt/2 

14 

Capao  d’Olanda  Topaze  Mine 

26.250 

65 

66 

15 

Villa  Rica 

26.370 

64 

63 

Very 

16 

99 

> 

mountain- 
\ ous  country 
with  little 

26.400 

65 

651 

75 

17 

26.420 

74 

wood. 

18 

99 

Mariana  

27.901 

68 

67 

Itacolumi  of  Marianna  .... 

26.254 

70i 

731 
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Weight 
Vapour  in 
Grains  in 
Cubic  foot. 

7.233 

6.482 

5.982 

5.660 

5.877 

5.156 

5.303 

4.664 

9.013 

8.184 

7.183 

5.496 

6.945 

5.710 

7.221 

5.908 

4.420 

5.525 

4.179 

4.120 

3.988 

4.352 

4.689 

5.156 

7.221 

6.072 

6.933 


REMARKS. 

Observations  at  IQ  o’clock,  when  not  otherwise  expressed. 

Rainy  in  squalls. 

Fine,  but  sultry  and  cloudy. 

Gloomy,  heavy  rain  at  night. 

Fine,  thunderstorm. 

Slight  rain,  l-80th. 

Gloomy,  7 A.M. 

Gloomy  morning. 

Fine,  most  oppressive  sun. 

Noon  observation. 

Evening — Temperature  of  the  river  71°. 

Morning  cool  and  gloomy. 

Slight  rain,  which  made  tlie  track  slippery. 

Clear  about  one  o’clock. 

Dull  and  cold  morning. 

Fine  evening. 

Cloudy,  afterwards  heavy  rain. 

Severely  cold  morning,  mist  and  rain. 

About  eleven  A.M.  foggy. 

Morning  severely  cold. 

(Felt  the  cold  severely. — From  a variety  of  causes  pre 
^ vented  examining  the  Barometer  or  Hygrometer. 

Thick  fog,  afterwards  oppressive  sun. 

Clear  morning. 

Bright  morning. 

Fine. 

Fine — Observation  made  in  the  morning. 

Fine,  idem  at  noon. 

Fine. 

At  one  P.  M. 
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Thermometer. 

Day  of  the 
Month. 

Face  of  the 

Barometer 

'Locality. 

Country. 

noon* 

Attd. 

Detd. 

Sept.  18 

Maynerte 

\ 

27.950 

79 

76 

19 

28.208 

68 

69i 

20 

Mangelegtias 

27.802 

75 

74 

21 

Bandeira 

27.601 

68 

57 

22 

'ilia  Rica 

26.394 

69 

69| 

23 

26.380 

73 

731 

24 

Very 

26.412 

72 

72 

mountain- 

25 

) ous  country 

26.392 

71 

711 

with  little 

26 

9y 

wood. 

26.361 

69 

691 

27 

» 

26.376 

70 

70 

28 

99 

26.381 

70 

701 

29 

99 

26.400 

73 

74 

30 

99 

26.390 

73 

73 

Oct.  1 

99 

26.416 

72 

711 

2 

99  ^ 

26.382 

70 

691 

3 

Coxo  de  Agua ' 

78 

4 

Congonha  de  Sabar4  .... 

83 

5 

Sabar4 

1 Abounding 
f in  wood. 

The  barometer 
was  left  at  Villa 

87 

6 

Caete 

Rica  during  this 

78 

excursion. 

7 

St.  Joao / 

71 

8 

(nficionado 

70 

9 

Vamos  vamos 

71 

10 

Villa  Rica 

26.378 

67 

67 

11 

99 

26.408 

66 

66§ 

12 

99 

26.400 

67 

67 

13 

99 

26.398 

68 

681 

14 

99 

26.399 

68| 

68 

15 

99 

26.406 

70 

701 
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Dew 

Point. 

Differ- 

ence. 

Weight 
Vapour  in 
Grains  in 
Cubic  foot. 

REMARKS. 

Observations  at  13  o’clock,  when  not  otherwise  expressed. 

68 

8 

7.208 

In  the  evening. 

65 

4 

6.567 

Thick  fog. 

70 

4 

7.715 

Very  thick  fog. 

63 

4 

6.265 

Cloudy  morning — Torrents  of  rain  in  the  afternoon. 

67 

2 

6.988 

Gloomy.  Noon  observation. 

70 

3 

7.728 

Fine. 

69 

3 

7.495 

Very  foggy. 

68 

3 

7.277 

Clearer. 

65 

4 

6.567 

Cloudy. 

65 

5 

6.556 

Sun  obscured. 

66 

4i 

6.863 

Cloudy,  light  rain. 

68 

6 

7.233 

Morning  foggy,  afterwards  clear. 

69 

4 

7.482 

Fine,  a little  foggy. 

68 

7.277 

Cloudy  and  thick  mist. 

67 

6.988 

Thick  mist — Dreadful  storm. 

74 

4 

8.746 

At  two  P.  M.  great  thunderstorm. 

80 

3 

10.536 

At  three  P.  M.  idem. 

85 

2 

12.210 

Very  warm — Violent  storm  at  night. 

74 

4 

8.746 

Storm  of  thunder  and  rain  at  four  P.M. 

65 

6 

6.544 

Fine. 

65 

5 

6.556 

Foggy. 

64 

7 

6.427 

Foggy. 

64 

3 

6.471 

Thick  mist. 

62 

4 

6.082 

Idem. 

63 

4 

6.265 

Idem. 

65 

3 

6.587 

Idem. 

62 

6 

6.061 

Idem. 

65 

6.556 

Idem. 

344  observations  in  brazil, 

“ On  the  1 5th  October  I began  to  retrace  my  steps 
to  Rio  de  Janeiro.  Having  left  the  barometer  at 
Villa  Rica,  I made  no  kind  of  observations  on  the 
weather.  The  rains  having  commenced,  the  roads 
were  in  some  places  in  almost  an  impassable 
state,  and  I scarcely  think  the  barometer  could 
have  escaped,  from  the  many  falls  my  mule  expe- 
rienced. 

“ I had  imagined  that  the  great  humidity  at  Rio 
proceeded  from  the  saline  particles  blown  over  by 
the  sea  breeze;  but,  on  examining  the  foregoing 
register,  it  will  be  remarked,  that  there  was  more 
vapour  in  the  air,  on  the  19th  and  23th  of  August, 
before  the  sea  breeze  had  commenced,  than  on  the 
preceding  days.  I have  no  doubt,  therefore,  that 
when  the  land  breeze  prevails  all  day,  which  some- 
times, though  fortunately  rarely,  happens,  the  most 
vapour  is  contained  in  the  air ; and  it  seems  to  me 
this  must  be  the  case. 

“ Beyond  the  Serra  de  Montigueira,  the  track 
leaves  the  mountainous  and  thickly-wooded  coun- 
try, and  crosses  a high  table  land,  where  the  pine 
is  the  only  tree  that  seems  to  flourish.  The  height 
of  this,  from  the  average  of  the  barometrical  observ- 
ations above  the  sea,  may  be  about  3720  English 
feet.  Baron  Humboldt  gives  the  lower  limit  of  the 
Mexican  Pine  (19  N.  Lat.)  at  1150  metres  = 3769 
English  feet.  I have  seen  this  species  growing  in 
stiU  lower  situations  in  Brazil,  but  certainly  with 
not  so  much  luxuriance. 

“ The  means  of  the  observations  made  at  Villa 
Rica,  are  as  follows : — 

“ Bar.  26.393 — attached  and  detached  thermome- 
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ter  69i°— dew  point  65°,  and  grains  of  vapour  in 
cubic  foot  6.577.  Its  consequent  height  above  the 
sea  3969  feet. 

“ The  mean  quantity  of  vapour,  observed  by  Mr. 
Daniell,  for  the  two  years  ending  with  the  summer 
of  1821,  was,  grains  3.652,  not  much  more  than 
half  the  mean  at  Villa  Rica.  The  prevailing  winds 
there  were  south  and  south-east. 

“ I remarked  invariably  the  barometer  to  stand 
lower,  and  the  quantity  of  vapour  more  consider- 
able, in  the  evening  than  the  following  morning. 
When  overlooking  some  of  the  thick  woods,  it  was 
curious  to  see  the  warm  vapour  ascending  like 
smoke  from  particular  spots,  where  the  foliage  did 
not  form  a mechanical  obstruction. 

“ On  the  excursion  made  from  Villa  Rica  to  Sa- 
hara, it  will  be  seen  that  violent  thunder-storms 
were  experienced  almost  daily:  nothing  causes  so 
much  attention  to  be  paid  to  the  weather  as  being 
exposed  to  its  changes ; and  I could  not  help  no- 
ticing the  way  these  storms  commenced.  The  sky 
was  perfectly  clear  until  about  two  or  three  o’clock, 
when  some  light  white  clouds  were  seen  approxi- 
mating the  sun  with  great  rapidity.  Sometimes 
they  all  passed,  but  if  one  lingered,  as  if  within  its 
influence,  thunder  was  heard,  and  in  a few  minutes 
no  remains  of  a blue  sky  were  visible.  The  storm 
commenced  directly,  and  the  change  that  took  place 
in  the  temperature  often  caused  a kind  of  whirl- 
wind. 

“ As  after  all,  perhaps,  we  must  search  for  the 
cause  of  that  singular  excrescence,  the  goitre,  or 
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wen,  in  the  state  of  the  air  or  vicissitudes  of  climate,  * 
it  may  not  be  irrelevant  to  mention  that  I met  by 
far  the  greater  number  of  persons  afflicted  with  this 
complaint  near  Sahara. 

“ From  the  degree  of  cold  in  the  province  of  the 
mines,  the  hue  of  the  negroes  is  much  deeper  than 
in  Rio  de  Janeiro.  The  Mineiros  who  come  down, 
complain  much  of  the  heat,  and  have  their  health 
affected.  This  may  proceed,  however,  from  other 
causes,  such  as  excess  in  fruits,  which  are  unknown 
in  their  province,  and  a mode  of  life  entirely  dif- 
ferent. I am  inclined  to  think,  on  the  whole,  that 
foreigners  would  consider  the  coast  more  healthy 
than  the  interior. 

“ Having  reached  Rio  de  Janeiro,  I embarked  on 
board  His  Majesty’s  ship  Owen  Glendower,  for 
England,  on  the  22d  November,  and  as  soon  as  the 
usual  sickness  had  abated,  recommenced  my  ob- 
servations with  the  hygrometer.  The  Hon.  Captain 
Spencer,  whose  only  aim  seemed  that  of  rendering 
all  under  his  command  and  on  board  his  ship 
perfectly  happy,  and  in  which  it  is  almost  super- 
fluous to  say  he  was  most  successful,  dedicated  a 
portion  of  his  time  to,  and  took  considerable  in- 
terest in,  these  experiments.  Many  of  them  re- 
corded here  were  conducted  by  him,  and  he  in- 
deed suggested  an  improvement  in  the  instru- 
ment, (that  of  colouring  the  bulb,)  which  on  our 
arrival  in  England  we  found  had  been  already 
contrived. 

“ The  hygrometer  was  accidentally  broken  on  the 
27th  December,  and,  being  provided  with  only  one. 
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my  observations  ceased  on  that  day.  When  I 
commenced  using  the  instrument,  I was  almost 
afraid  to  touch  it,  from  its  apparent  delicacy,  but 
was  soon  convinced,  from  the  many  rude  shocks  it 
underwent,  that  it  was  stronger  than  I had  ima- 
gined ; more  than  common  carelessness,  indeed,  is 
required  to  break  it.  I may  be  permitted  to  add, 
that  I think  no  traveller  will  find  any  inconvenience 
from  carrying  this  hygrometer,  or  its  accompani- 
ment, a small  stock  of  ether ; the  latter  I usually 
placed  among  my  linen. 

“ Although  the  observations,  of  necessity,  ended 
here,  I had  the  gratification  of  thinking  they  were 
continued  through  the  south-east  trade,  south  of  the 
equator,  and  until  we  were  on  the  northern  limit  of 
the  north-east  trade,  which  it  is  well  known  prevails 
on  the  northern  side.  On  examining  the  register 
it  will  appear,  that  on  the  days  when  the  trades  were 
fresher,  there  was  a slight  diminution  of  vapour; 
and  that,  as  we  approached  near  the  equator,  we 
approximated  the  point  of  saturation,  the  precise 
position  of  which,  probably,  varies  according  to  the 
longitude  and  season,  as  is  the  case  with  the  trades 
themselves. 

“ In  these  winds  there  is  something  so  exhila- 
rating, that  one  with  difficulty  believes  so  much 
vapour  exists  as  the  hygrometer  indicates.  Baron 
Humboldt,  who  did  not  proceed  farther  south  than 
ten  degrees  north  latitude  in  crossing  the  Atlantic, 
marks  eighty-six  degrees  of  Saussure’s  instrument 
in  that  altitude. 

“ A set  of  experiments  conducted  on  board  some 
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of  the  foreign  ships  that  endeavour  to  pass  the  line 
in  improper  longitudes,  and  consequently  expe- 
rience calms  of  many  days’  duration  with  much 
rain,  would  prove  particularly  interesting.” 


METEOROLOGICAL  OBSERVATIONS,  made  on  board  His  Majesty’s  Ship  Owen  Glendower,  Captain  the  Hon.  R.  C.  Spencer, 
during  a voyage  from  Rio  de  Janeiro  to  Spithead,  commencing  1st  December. 


Time  of  the 

Latitude 

Longitude 

' 

Remarks,  State  of  the  Weather,  &c. 

Barometer. 

Ther. 

Dew 

DifFct. 

Grains  of 

Time  ofthe  day 

day> 

S. 

w. 

Point. 

enoe. 

CuSic  Foot. 

when  Hygrometer 

8 A.  M. 

24.°25 

O 

25.24 

N 

Saturday  Ist  December. — Fine  pleasant  weather  with  steady  breeze  ; towards 

33.09 

30 . 10 

r6 

73 

3 

8.488 

1 P.M. 

8 P.M. 

N N E 

sunset  there  were  many  clouds,  chiefly  nimbi,  cumuli,  and  strati. 

so!  08 

'6 

72 

4 

8.212 

6 P.M. 

8 A.M. 

24.17 

$3.13 

Sunday  2d  December. — Rather  fresh  breeze  and  fine  weather.  Evening  a few 

30.05 

30.06 

'6 

70 

6 

7.688 

10  A.M. 

8 P.M. 

N w'^by  N 

scattered  cumuli,  mostly  in  the  south-east  quarters. 

30.08 

'6 

70 

6 

7.688 

3.3  P.M. 

8 A.M. 

noon 

8 P.M. 

23.25 

21.38 

N 

Nby  W 
Calm 

Monday  3d  December. — Light  breezes,  wind  dying  away  fast.  Evening  calm 
and  fine ; a few  dispersed  clouds. 

30.09 

30.10 
30.13 

1 

1 

'4 

7 

69 

72 

5 

5 

7.469 

8.198 

9 P.M. 

4 P.M. 

8 A.M. 

22.31 

21.46 

E 

N E by  E 

Tuesday  4th  December. — Light  breezes  and  fine  weather ; sky  perfectly  clear 

30.11 

30.11 

30.09 

7 

'6i 

71 

7.951 

9 A.M. 

8 P.M. 

N E by  N 
EN  E 

until  the  evening,  when  the  wind  died  away  clouds  gathered  thick  all  round. 

7 

61 

70 

6§ 

7.689 

3 P.M. 

8 A.M. 

N N E 

Wednesday  5th  December. — Cloudy  dull  weather  early,  but  afterwards  beauti- 

30.09 

7 

6 

70 

6 

7.640 

9 A.M. 

noon 

20.57 

22.24 

EbyN 

NE 

fully  clear,  with  a light  breeze ; not  a cloud  to  be  seen  in  the  evening ; breeze 

30.09 

8 P.M. 

rather  fresher. 

30.07 

7 

'6 

72 

4 

8.213 

3 P.M. 

8 A.M. 

East 

Thursday  6th  December. — In  the  morning  a squall  of  wind  and  rain  for  a 

30.10 

7 

7 

71 

6 

7.937 

6 A.M. 

noon 

18.52 

22.49 

Eby  S 

quarter  of  an  hour ; weather  finer  than  yesterday.  In  the  evening  fresh  breeze 

30.11 

8 P.M. 

got  the  trade 
about  noon 

and  steady. 

30.11 

7 

9 

70 

9 

7.676 

3 A.M. 

8 A.  M. 

noon 

8 P.M. 

15.37 

22.48 

East 

E S E 
Eby  S 

E S E 

Friday  7th  December. — Fresh  trade  wind  and  cloudy  j fine  at  noon  and  clear ; 
evening  a few  clouds  scattered,  chiefly  cumuli. 

80.12 

30.10 

30.08 

7 

7 

6 

'6 

72 

70 

4 

6 

8.213 

7.689 

9 P.M. 

3 P.M. 

8 A.M. 

11.54 

22.33 

ES  E 

E by  S 

Saturday  8th  December. — Trades  varying  in  point  of  strength  all  day ; weather 

30.07 

30.07 

30.01 

7 

6 

70 

6 

7.689 

81  A.M. 

8 P.M. 

S Eby  E 

fine  all  the  forenoon  ; in  the  evening  fresh  trade  and  cloudy  weather. 

7 

7 

71 

6 

7.937 

3 P.M. 

8 A.M. 

ES  E 

Sunday  9th  December. — Fine  weather  j fresh  trade  wind  j in  the  afternoon 

30.02 

7 

'8 

72 

6 

8.185 

8|  A.  M. 

noon 

8.6 

22.6 

E by  S 

fresh  breezes  and  cloudy  j wind  drawing  aft ; evening  fine  weather ; many 

30.01 

8 P.M. 

S Eby  S 

flying  fish. 

29.97 

7 

7 

71 

6 

7.937 

3 P.M. 

8 A.M. 

4.55 

22. 

S Eby  S 
ES  E 

Monday  loth  December.  Trade  tolerably  fresh,  but  fell  off  in  the  evening; 

29.96 

29.96 

7 

19 

74 

5 

8.732 

9 A.M. 

8 P.M. 

SEby  N 

S E by  S 

cloudy,  small  halo  round  the  moon. 

29.96 

7 

H 

73 

6^ 

8.438 

3 P.  M. 

8 A.  M. 
noon 

2.14 

22.3 

S E 

S S E 

Tuesday  11th  December.  Light  winds;  breeze  lighter  in  the  evening;  a few 

29.96 

29.97 

8 

10 

75 

5 

9.013 

8|  A.  M. 

8 P.M. 

S E by  E 

straggling  clouds. 

29.98 

7 

9 

74 

5 

8.732 

3 P.M. 

8 A.M. 

0.8N 

21.53 

S Eby  E 

S E by  S 

Wednesday  12th  December.  Light  trades  and  fine  weather;  in  the  evening 

30. 

29.98 

29.95 

7 

9§ 

76 

H 

9.334 

8.50  A.  M. 

8 P.  M. 

Eby  S 

S E 

wind  fresher ; a few  scattered  clouds. 

7 

9| 

76 

H 

9.334 

3 P.  M. 

8 A.M. 
noon 

2.14 

22. 

S S E 
Eby  S 

Thursday  13th  December.  The  wind  light  all  day;  weather  clear;  towards 

29.92 

29.92 

8 

0 

78 

2 

9.958 

81  A.  M. 

8 P.M. 

SR 

evening  fresher  and  some  clouds  appeared ; nimbi,  cumuli,  and  strati. 

29!  92 

8 

12 

79 

3 

10.263 

31  P.  M. 
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Longitude 

Dew 

Differ- 

Grains  of 

Time  of  the  Haj' 

Winds. 

Remarks^  State  of  the  Weather,  8cc. 

Barometer. 

Ther. 

Point. 

Vapour  in 

when  Hygrometer 

day. 

Cubic  Foot. 

wa.  used. 

8 A.  M. 

S S E 

Friday  1 4th  December.  Rain  early  in  the  morning ; trade  left  us  at  five  A.M. ; 

29.92 

78 

75 

3 

9.044 

8.50  A.  M. 

noon 

4.19 

28.8 

N E by  N 
E by  S 
variab.St  calm 

the  weather  continued  cloudy  and  dull  all  day  j wind  light  and  unsettled  j much 

29.92 

8 P.M. 

lightning  after  dark. 

29.92 

80 

78 

2 

9.958 

8.30  P.  M. 

8 A.M. 

Calm 

Saturday  15th  December.  This  day  set  in  with  a heavy  squall  of  rain,  which 

29.90 

81| 

761 

5 

9.405 

8.50  A.M. 

noon 

5.18 

22.14 

Eby  S 
NEbyE 

went  astern ; lightning ; after  a few  intervals  of  calm  we  got  the  north-east  trade ; 

29.88 

8 P.M. 

a few  drops  of  rain  in  the  evening. 

29.86 

80| 

78 

9.949 

3.30  P.M. 

8 A.M. 

6.56 

23.51 

EN  E 
NEbvE 

Sunday  1 6th  December.  Dull  and  cloudy ; dark  black  clouds ; fresh  trade ; 

29.93 

29.90 

82 

78 

4 

9.924 

8.40  A.M. 

8 P.M. 

NEby  E 
N N E 

in  the  evening  fresher ; weather  cloudy. 

29.93 

80 

77 

3 

9.638 

1.45  P.M. 

8 A.M. 

9.13 

24.58 

Eby  N 
EN  E ■ 

Monday  17th  December.  Moderate  trade  winds  with  thick  cloudy  weather, 

30.01 

29.97 

80 

77 

3 

9.638 

8.50  A.  M. 

8 P.M. 

E by£ 

E N E 

very  hot ; in  the  evening  many  nimbi  and  cumulo-strati. 

80 

75 

5 

9.013 

4 P.  M. 

8 A.  M. 

11.41 

26.55 

NEbyE 

Tuesday  18th  December.  Still  cloudy ; dark  bank  of  clouds ; some  strati  and 

30.03 

30.01 

77 

73 

4 

8.474 

8.55  A.  M. 

8 P.M. 

NEbyE 

cumuli ; fresh  trades,  a nimbus  or  two. 

30.04 

79 

73 

6 

8.445 

3.40  P.M. 

8 A.  M. 

N E 

30.07 

76 

70 

6 

7 689 

8.55  A.M. 

noon 

14.18 

29. 1 

NEbyE 

Wednesday  19th  December.  Strong  trades  and  fine  weather  with  a few  scat- 

30.03 

8 P.M. 

EN  E 
EbyN 

tered  clouds ; in  the  evening  a dark  thick  bank  of  clouds  j some  cumuli. 

30.04 

76 

72 

4 

8.213 

3.55  P.  M. 

8 A.  M. 

Eby  N 

Thursday  20th  December.  Weather  similar  to  that  of  yesterday  until  the  after- 

30.11 

76 

73 

3 

8.482 

8.45  A.M. 

noon 

17.11 

30.12 

E N E 

noon,  when  the  wind  lulled  a short  time,  and  a small  quantity  of  rain  fell ; breeze 

30.10 

8 P.  M. 

E 

freshened  and  afterwards  cloudy. 

30.11 

77 

74 

3 

8.762 

4 P.M. 

8 A.M. 

East 

30.17 

75 

72 

3 

8.227 

8.50  A.M. 

noon 

20.8 

31.3 

E by  N 

Friday  21st  December.  Strong  gales  and  squally  willh  thick  clouds;  in  the 

30.16 

8 P.M. 

EbyN 

ENE 

afternoon  weather  fine ; cumuli  over  the  horizon ; cumulo-strati  above. 

30.20 

75 

72 

3 

8.227 

3.55  P.  M. 

8 A.M. 

Eby  N 

Saturday  22d  December.  Moderate  breezes  and  fine  weather ; two  or  three 

30.21 

74 

71 

3 

7.978 

8.50  A.  M. 

noon 

22.25 

32.15 

NEbyE  ' 

30.21 

8 P.  M. 

NE 

NEby  N 

nimbi  at  different  times,  but  no  rain ; cumuli. 

30.24 

74 

68 

6 

7.234 

4 P.  M. 

8 A.  M. 

NE 

Sunday  23d  December.  Light  winds  and  very  fine  weather,  as  the  day  ad- 

30.28 

70| 

67 

51 

6.970 

8.45  A.M. 

noon 

24.30 

34.18 

ENE 
Eby  N 
NE 

vanced  wind  became  lighter ; some  clouds ; one  large  nimbus,  the  rest  cumuli ; 

30.29 

3.30  P.M. 

8 P.  M. 

sun  set  clouded. 

30.31 

74 

68 

6 

7.233 

8 A.  M. 

NE 

Monday  24th  December.  Cloudy  with  showers  of  rain  and  a light  variable 

30.34 

72 

70 

2 

7.742 

8*  A.M. 

noon 

26.1 

35.43 

NEby  N 

breeze  in  the  morning ; breeze  stronger  in  the  afternoon,  the  weather  clearer ; 

30.34 

6.822 

Gulf  weed 

8 P.M. 

Nby  W 

N E 

light  again  and  cloudy ; cumuli  and  cumulo-strati  chiefly. 

30.34 

73 

66 

7 

3|  P.  M. 

8 A.  M, 

N 

Tuesday  25th  December.  Thick  cloudy  weather  and  variable  wind  in  the 

30.34 

70i 

66 

6.858 

81  A.  M. 

noon 

1 

26.36 

36.41 

N N E 
NEbyN 

N E 

forenoon ; the  breeze  fresher  and  less  cloudy ; in  the  evening  high  cumuli  and 
black  bank  clouds. 

30.34 

30.35 

72 

67 

5 

6.946 

Gulf  weed 

3|  P M. 

j 8 A.  M. 

I noon 

27.50 

38.26 

NNE 

ENE 

N E 

Wednesday  2Bih  December.  Weather  dull  and  wind  light,  but  squally ; even- 

30.38 

30.35 

701 

67 

3^ 

6.970 

8.50  A.  M. 
Gulf  weed 

1 8 P.M. 

ENE 

£ 

ing  fine,  but  breeze  very  light. 

30.31 

69 

65 

4 

6.568 

3.50  P.M. 

REMARKS 

UPON  THE  BAROMETER  AND  THERMOMETER, 

AND  THE 

MODE  OF  USING  METEOROLOGICAL 
INSTRUMENTS  IN  GENERAL. 


By  offering  the  following  remarks  upon  meteorolo- 
gical instruments,  I would  not  wish  it  to  be  sup- 
posed that  I claim,  for  the  observations  which  I 
have  hitherto  recorded,  a greater  degree  of  pre- 
cision than  attention  to  the  usual  precautions  has 
been  sufficient  to  confer:  but  in  the  course  of  my 
experiments,  the  necessity  of  much  greater  care  and 
method  has  become  strongly  impressed  upon  my 
mind,  and  I think  that  it  may  not  be  wholly  without 
its  use,  to  indicate  such  measures  as  the  result  of  my 
experience  suggest,  as  likely  to  ensure  that  degree 
of  perfection,  of  which  the  science  of  meteorology 
is  doubtless  susceptible.  I have  little  of  novelty 
to  offer  upon  the  subject ; but  if,  by  repeating  well- 
known  observations,  I can  contribute  to  excite  that 
attention  to  them  which  is  absolutely  necessary  to 
success ; if  the  numerous  observers  of  atmospheric 
phenomena  may  possibly  be  thus  engaged  to  that 
strict  co-operation,  which  alone  can  prevent  their 
daily  labours  from  proving  abortive,  a great  and 
important  object  will  be  attained. 

Much  of  my  attention  has  lately  been  given  to 
the  manufacture  of  barometers.  The  committee  of 
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the  Royal  Society,  appointed  to  take  into  consi- 
deration the  state  of  the  meteorological  instruments, 
did  me  the  honour  to  request  that  I would  attend  to 
the  construction  of  a new  barometer  for  their  apart- 
ments; and  as,  in  the  course  of  the  close  attention 
which  I paid  to  the  most  minute  details,  I had  occa- 
sion to  make  many  practical  remarks,  I cannot,  I 
think,  do  better  than  here  introduce  the  account  of 
the  process  which  I had  prepared  for  the  society. 

In  the  course  of  the  experiments  I was  led  to  a 
new  method  of  filling  the  tube,  which  I flatter  my- 
self may  prove  generally  useful,  and  tend,  by  the 
facilities  which  it  affords,  to  the  perfection  of  the 
instrument. 

Previous  to  commencing  the  operation,  some  ex- 
experiments were  undertaken  to  ascertain  the  practi- 
cability and  effect  of  introducing  the  metal,  after  the 
air  had  been  abstracted,  as  nearly  as  possible,  by 
means  of  an  air-pump,  and  the  mercury  and  interior 
surface  had  been  exposed  to  the  desiccating  influence 
of  a large  surfeice  of  sulphuric  acid.  For  this  purpose 
a barometer  tube  was  fitted  with  a stop-cock,  which 
was  screwed  into  the  under  surface  of  a pump-plate ; 
on  the  upper  surface  stood  a glass  dish,  perforated  in 
the  centre,  and  containing  the  acid . In  this  was  placed 
a stand  with  glass  legs,  which  received  a fonnel, 
the  stem  of  which  being  drawn  out  into  a capillary 
tube,  passed  down  into  the  mouth  of  a small  paper 
cone,  resting  upon  the  tube.  The  aperture  at  the 
upper  part  of  the  stem  was  closed  by  an  iron  plug, 
ground  to  fit,  between  which  and  the  capillary  open- 
ing was  placed  some  cotton.  The  glass  funnel  was 
filled  with  clean  mercury,  carefully  boiled,  and 
many  times  filtered,  and  the  whole  was  covered 
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with  a glass  receiver.  Through  a collar  of  leather, 
in  the  upper  part  of  the  receiver,  passed  an  iron 
rod,  which  moved  freely  up  and  down,  and  fitted 
into  a screw  in  the  plug  before  mentioned,  by 
which  means  it  could  be  drawn  up,  and  re-placed, 
at  pleasure.  The  apparatus  being  thus  arranged, 
the  pump  was  worked,  and  the  air  exhausted  from 
the  receiver  and  tube.  Air  was  at  first  given  off 
from  the  surface  of  the  acid  in  abundance,  and  a 
few  bubbles  passed  up  from  between  the  mercury 
and  the  glass ; but  none  appeared  upon  the  surface 
of  the  mercury.  When  the  rarefaction  had  been 
carried  as  far  as  possible,  the  siphon-gauge  stood 
at  about  half  an  inch.  The  iron  plug  was  carefully 
withdrawn,  and  the  mercury  began  to  trickle  very 
gradually  into  the  tube.  In  its  fall  it  was  broken 
into  small  globules,  many  of  which  adhered  to  the 
sides  of  the  glass ; and,  notwithstanding  the  ut- 
most precaution  and  frequent  repetitions  of  the  ex- 
periment, the  column  of  mercury,  as  it  rose,  con- 
tained very  minute  cavities,  which  decreased  in 
size  as  the  weight  increased;  and  when  the  pressure 
of  the  atmosphere  was  restored,  were  only  dis- 
cernible upon  very  close  examination.  When  the 
air  was  again  extracted,  they  returned  to  their 
former  size,  and  again  diminished  upon  its  re- 
storation. The  difficulty  of  getting  rid  of  these 
cavities  appears  to  me  to  arise  chiefly  from  their 
form:  for  the  mercury,  assuming  the  shape  and 
properties  of  a dome  round  the  bubble,  resists  a 
degree  of  pressure  which  would  otherwise  cause  it 
to  run  together. 

To  avoid  this  mechanical  action  of  the  fall  of  the 
mercury,  the  apparatus  was  varied  as  follows : A 
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small  tube  was  passed  down  to  the  bottom  of  the 
barometer-tube,  and  was  fastened  at  the  top  by  a 
piece  of  cork,  to  prevent  its  coming  in  contact  with 
the  sides.  The  lower  aperture  had  been  lessened, 
and  the  small  paper  funnel  was  inserted  into  the 
upper  end.  The  exhaustion  having  been  made  as 
before,  the  mercury  was  allowed  to  trickle  down  the 
interior  of  the  inner  small  tube,  from  the  bottom  of 
which  it  issued  slowly  ; and  gradually  rose  in  the 
larger,  in  perfect  and  uninterrupted  contact  with  the 
glass.  When  the  tube  was  full,  the  air  was  let 
into  the  receiver,  and  the  tube  detached  from  the 
plate.  To  prevent  the  possibility  of  the  disen- 
gagement of  any  particles  of  air,  which  might  be 
entangled  in  the  mercury  of  the  small  tube,  its  orifice 
was  hermetically  sealed  by  a lamp,  and  the  tube 
itself  full  of  mercury,  carefully  withdrawn  from  the 
large  one.  The  closest  examination,  with  a mag- 
nifying glass,  of  the  barometer-tube  so  filled,  failed 
to  detect  the  minutest  air-bubble,  and  the  surface 
everywhere  was  as  resplendent  as  that  of  the  most 
perfect  mirror.  The  application  of  heat  produced 
no  alteration  in  this  appearance,  nor  any  traces  of 
either  air  or  moisture.  The  small  tube,  upon  in- 
spection, was  found  to  contain  very  minute,  and 
scarcely  visible,  specks,  like  those  of  the  tubes 
filled  in  the  first  method;  but  these  were,  of 
course,  diminished  in  quantity,  in  proportion  to 
the  diminution  of  the  tube  in  which  they  were 
formed. 

The  success  of  this  experiment  was  so  great, 
that,  in  any  common  case,  it  would  scarcely  have 
been  thought  necessary  to  subject  the  barometer  to 
the  troublesome  and  hazardous  process  of  boiling 
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the  mercury ; but  upon  this  occasion  it  was  resolved, 
that  no  possible  precaution  should  be  omitted. 

The  tube,  which  was  selected  for  the  society’s 
barometer  is  33|-  inches  long,  its  exterior  diameter 
0.86  inch,  and  the  diameter  of  its  bore  0.530  inch. 

These  measures  were  taken  at  the  upper  ex- 
tremity, and  it  is  very  regular  for  14  inches,  but  en- 
larges a little  from  that  point  downwards.  It  is 
ground  flat  at  the  lower  end. 

Many  tubes  were  destroyed,  after  all  the  trouble 
bestowed  upon  their  mensuration  and  filling,  by  the 
after-process  of  boiling,  which,  in  tubes  of  such 
large  capacity,  was  found  to  be  very  troublesome 
and  hazardous,  and  required  the  glass  to  be  of  a 
red-heat.  The  above  dimensions  are  those  of  the 
barometer  now  complete. 

The  cistern  is  turned  in  well-seasoned  mahogany, 
and  there  is  a small  cavity  in  its  bottom  to  receive 
the  end  of  the  tube,  which  rests  upon  it:  a groove 
communicates  with  the  cavity,  to  ensure  the  free 
passage  of  the  mercury.  By  means  of  the  float  in 
front,  the  level  may  be  very  accurately  taken.  Fifty 
inches,  measured  in  the  upper  part  of  the  tube  be- 
fore it  was  sealed,  in  four  equal  proportions,  raised 
the  float  exactly  half  an  inch ; the  correction,  there- 
fore, for  the  capacity  of  the  cistern,  is  yi^th. 

The  cistern  being  accurately  levelled,  and  the 
tube  and  thermometer  both  in  their  places,  the 
quantity  of  mercury  was  adjusted  to  the  upper  edge 
of  the  black  line  on  the  stem  of  the  float:  a card 
gauge  of  nearly  the  diameter  of  the  cistern  was  then 
fitted  to  slide  upon  the  tube,  which  was  fixed  per- 
pendicularly in  its  place.  The  lower  edge  of  the 
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gauge  was  made  to  coincide  with  the  surface  of  the 
mercury  on  both  sides,  and  at  its  contact  with  the 
glass,  two  distinct  marks  were  scratched  upon  the 
tube.  From  these  marks,  twenty -nine  inches  were 
measured  off  by  a brass  dividing  engine,  which  was 
formerly  the  property  of  the  late  Mr.  Cavendish,  and 
at  that  distance,  another  distinct  mark  was  made. — • 
The  utmost  care  was  taken  to  read  off  these  dis- 
tances by  means  of  lenses,  and  the  temperature  of 
the  scale,  the  glass,  and  the  mercury,  was  54°. 

It  being  deemed  too  hazardous  an  experiment  to 
attempt  to  boil,  at  once,  so  large  a body  of  mercury 
as  would  be  contained  in  a tube  of  this  capacity,  it 
was  resolved  to  perform  the  operation  in  two  por- 
tions, and  under  the  diminished  pressure  produced 
by  an  air-pump.  Accordingly,  seventeen  inches  of 
mercury  were  introduced  into  the  tube  with  all  the 
precautions  above  described.  During  the  exhaus- 
tion, no  air  was  disengaged  from  the  mercury,  care 
having  been  taken  to  fill  the  funnel  without  agita- 
tion. The  contact  with  the  glass,  while  the  siphon 
gauge  of  the  pump  stood  at  .4  in.,  was  perfect,  and 
the  appearance  of  the  tube  when  detached  as  bright 
and  compact  as  could  be  wished.  The  air  was 
again  exhausted,  and  by  means  of  a stop-cock,  the 
vacuum  preserved.  The  tube  was  then  gradually 
heated  before  a fire,  and  the  boiling,  afterwards, 
cautiously  begun  over  a large  spirit  lamp.  The 
upper  part  of  the  column  was  first  strongly  heated, 
and  when  it  had  arrived  at  the  point  of  ebullition,  the 
boiling  was  slowly  continued  downwards.  When 
it  had  reached  the  bottom,  it  was  again  as  gradually 
conducted  to  the  top.  The  bubbles  of  vapour  freely 
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passed,  with  the  assistance  of  a slight  degree  of 
agitation,  from  one  end  of  the  column  to  the  other  ; 
and  very  bright  flashes  of  green  light  accompanied 
their  extrication.  One  minute  globule  of  air  alone 
was  detected  during  the  heating,  notwithstanding 
the  diminished  pressure,  and  this  was  readily  ex- 
tricated; and  there  was  not  the  slightest  condensation 
of  moisture  visible  in  the  cold  portion  of  the  tube. 

The  cooling  was  conducted  with  all  the  precau- 
tions used  in  heating ; and  to  allow  the  mercury  to 
resume  the  temperature  of  the  air,  the  completion  of 
the  process  was  deferred  till  the  next  day.  After 
fifteen  hours’  repose,  upon  opening  the  stop-cock,  the 
exhaustion  was  found  to  have  been  perfectly  main- 
tained: the  apparatus  was  again  arranged,  the 
small  tube  being  made  just  to  touch  the  surface  of 
the  mercury  in  the  larger.  A quantity  of  mercury 
was  then  introduced  as  before,  which  was  found 
after  the  interior  tube  had  been  withdrawn,  to 
amount  to  twelve  inches  and  a half.  The  appear- 
ance was  as  perfect  as  in  the  first  operation,  ex- 
cept that  two  or  three  very  minute  specks  appeared 
at  the  junction  of  the  two  portions.  These  scarcely- 
visible  air-bubbles  had  probably  been  introduced 
in  extracting  a very  small  particle  of  cement,  which 
had  fallen  down;  the  rod  with  which  this  was  done 
having  been  passed  about  i^th  of  an  inch  below  the 
surface  of  the  mercury.  They  disappeared  under 
atmospheric  pressure.  The  whole  length  of  the 
mercurial  column  was  now  twenty-nine  inches  and 
a half,  leaving  only  three  inches  and  a half  of  the 
tube  unoccupied,  which  was  deemed  but  barely 
sufficient  to  prevent  the  communication  of  the  heat 
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melting  the  cement  and  destroying  the  exhaustion. 
When  the  air  was  abstracted,  the  junction  was  again 
just  discernible.  The  boiling  was  begun  as  be- 
fore from  the  top,  and  carried  downwards  to  about 
two  inches  below  the  union  of  the  two  portions. 
The  little  air-bubbles  were  visibly  expanded  and 
easily  passed  up : the  boiling  was  continued  for  a 
considerable  time,  and  large  bubbles  of  mercurial 
vapour,  accompanied  with  bright  green  light,  freely 
traversed  the  whole  column.  The  tube  was  then 
suffered  gradually  to  cool.  Its  appearance  was 
compact  and  bright : a very  slight  haziness  or  dis- 
coloration was  observable  at  the  junction,  but  not 
the  slightest  indication  of  air  even  under  exhaustion. 
No  precipitation  of  moisture  was  perceptible  in  the 
cool  portion  of  the  tube. 

It  was  the  original  intention  to  have  completed 
the  filling  of  the  barometer,  by  boiling  the  remain- 
ing three  inches  and  a half ; but,  upon  considera- 
tion of  all  the  circumstances,  and,  especially  of  the 
necessity  there  would  be  of  performing  this  under 
atmospheric  pressure,  it  was  concluded  not  again 
to  expose  the  tube  to  so  much  risk.  The  column 
already  boiled  comes  within  the  range  of  the  at- 
mospheric oscillations,  and  the  utmost  care  was 
taken  in  filling  the  remainder,  as  before,  in  vacuo. 
The  last  portions  of  mercury  were  introduced  hot, 
and  the  whole  was  left  for  forty-eight  hours,  to  take 
the  temperature  of  the  air.  The  tube  was  then 
carefully  inverted  in  the  cistern ; but  the  mercury, 
notwithstanding  its  great  body,  did  not  descend  till 
after  it  had  received  two  or  three  smart  concussions. 
This,  I believe,  to  be  the  most  certain  proof  of  the 
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complete  displacement  of  every  particle  of  air.  The 
adjustments,  of  the  scale,  vrith  its  nonius  to  the  up- 
per mark  upon  the  tube,  and  of  the  quantity  of  mer- 
cury in  the  cistern  to  the  line  upon  the  float,  were 
now  easily  made,  and  the  instrument  was  fixed  in 
its  proper  situation.  Whenever  the  mercury  vi- 
brates in  the  tube,  a beautiful  green  light  flashes 
through  the  vacuum,  and  the  crackling  sound  of 
electric  excitation  is  heard  when  the  finger  is  pre- 
sented to  it.  Electric  attraction  and  repulsion  are 
also  exhibited  by  presenting  a piece  of  gold  leaf  to 
its  influence. 

Every  thing  has  been  studied  in  this  instrument 
to  render  accuracy  attainable,  with  as  little  trouble 
as  possible  to  the  observer.  The  diameter  of  the 
tube  renders  the  correction  for  capillary  action,  al- 
most unnecessary — the  correction  for  the  capacity 
of  the  cistern  has  been  contrived  to  be  xi^th  of  the 
result  above  or  below  the  neutral  point,  30.576  — 
and  a scale  is  engraved  upon  the  front,  of  the  correc- 
tion to  be  applied  for  the  expansion  of  mercury  and 
mean  dilatation  of  glass ; by  which  the  observation 
may  be  at  once  reduced  to  the  standard  tempera- 
ture of  32°.  A small  thermometer  in  front  of  the  in- 
strument dips  into  the  mercury  of  the  cistern.  The 
specific  gravity  of  the  mercury  employed  was  care- 
fully ascertained  at  the  Royal  Institution,  by  Mr. 
Faraday.  The  temperature  of  the  metal  and  the 
water  were  both  40°,  and  1000  grains  of  the  former 

' displaced  73.4  grains  of  the  latter : hence  = 

73*4 

13.624. 

One  of  my  chief  objects  during  these  experiments 
has  been  to  ascertain  the  agreement  of  different  ba- 
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rometers  made  with  equal  care  and  independently 
graduated,  after  ^ all  the  necessary  corrections  have 
been  made  for  accidental  differences.  I,  therefore, 
attended  particularly  to  the  construction  of  a moun- 
tain barometer  for  my  own  use,  which  was  filled  in 
mcuo,  and  afterwards  boiled.  After  the  process, 
the  tube  was  perfect  in  appearance,  the  mercury 
adhered  when  reversed,  and  the  electric  light  was 
very  visible.  The  graduation  was  made  with  every 
care  from  the  surface.  The  interior  diameter  of  the 
tube  is  0.15  in.,  and  the  correction  for  the  capacity 
of  the  cistern  — the  neutral  point  30.180. — I 
shall  here  give  the  details  of  three  separate  compa- 
risons of  these  two  instruments. 


Royal  Society’s  Barometer.  Mountain  Barometer. 


30.576  Temp,  of  Mer.  50®. 

— . 047  Correction  for  Temp. 

30.526  Temp,  of  Mer.  50®. 
— . 047  Correction  for  Temp. 

30.529 

-4- . 006  Capillary  Action. 

30.479 

-1-.088  Capillary  Action. 

30.535 

30. 567 

4- . 009  Capacity  of  Cistern. 

30.535 

30. 576 

29.872  Temp,  of  Mer.  64®. 

— . 007  Capacity  of  Cistern. 

29.849  Temp,  of  Mer.  70®. 
— .008  Capacity  of  Cistern. 

29.865 

— . 082  Temp,  of  Mer. 

29.841 

— . 098  Temp,  of  Mer. 

29.783 

-f . 006  Capillary  Action. 

29.743 

+ .088  Capillary  Action. 

29.789 

29.831 
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Royal  Society's  Barometer. 

29.756  Temp,  of  Mer.  63°. 
— . 008  Capacity  of  Cistern. 

29.748 

— . 078  Temp,  of  Mer. 
29.670 

+ .006  Capillary  Action. 
29.676 


Mountain  Barometer. 

29 . 742  Temp,  of  Mer.  72°. 
— . 010  Capacity  of  Cistern. 

29.732 

— . 102  Temp,  of  Mer. 
29.630 

+ .088  Capillary  Action. 
29.718 


The  results  of  these  comparisons  disappointed 
me  at  first,  as  I had  been  induced  to  expect  a much 
nearer  accordance,  after  all  the  pains  that  had  been 
taken.  Upon  reflection,  however,  I am  inclined  to 
think  that  the  apparent  discordance  is  in  favour  of 
the  instruments,  and  that  the  difference  points  to  an 
error  in  one  of  the  corrections  which  has  been  over- 
looked. In  the  first  place,  it  will  be  remarked  that 
the  difference  .040  in.  is  constant,  and  its  cause, 
therefore,  is  probably  to  be  sought  in  the  only  con- 
stant correction,  namely,  that  for  capillary  action. 
The  quantities  allowed  have  been  taken  from  Dr. 
Young’s  Table  * of  the  depression  of  mercury  in 
barometer  tubes,  which  was  calculated  from  ex- 
periments. But  these  experiments  were  made  with 
tubes  in  which  the  mercury  had  not  been  previously 
boiled,  and  a little  consideration  will  be  sufficient 
to  shew  that  the  results  must  have  been  very  much 
influenced  by  this  circumstance. 

The  phenomena  of  capillary  depression  depend 
upon  the  balance  of  the  attraction  of  the  par- 
ticles of  the  fluid  for  each  other,  and  for  the 


* Young's  Nat.  Phil.^  vol.  ii.,  p.  669. 
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solid  of  which  the  tube  is  composed.  The  attrac- 
tion of  mercury  for  glass  is  well  known  to  increase 
as  the  contact  becomes  more  perfect ; and,  indeed, 
all  the  phenomena  attending  the  boiling  of  a baro- 
meter-tube prove  that  this  is  the  case.  The  de- 
pression in  a tube,  from  which  the  air  has  been 
thoroughly  expelled,  must  therefore  necessarily  be 
less  than  in  one  which  has  been  filled  without  this 
precaution.  Professor  Casbois,  of  Metz,  long  ago 
remarked,  that  the  depression  of  mercury  in  tubes 
of  glass  depended  upon  the  imperfection  of  the  con- 
tact; and  M.  de  Luc,  speaking  of  the  same  fact, 
observes — “ MM.  Cassini  de  Thury  et  Le  Monnier 
employ^rent  des  tubes  de  differens  diam^tres,  et 
cependant  ils  ne  trouvferent  les  difF(6rences  dont 
parle  M.  de  Plantade  que  dans  les  tubes  que 
n’avoient  pas  6t6  charges  au  feu.” — De  Luc,  Re- 
cherches  sur  VAtmo.,  tom.  i.  p.  95. 

The  comparison  above  made  would  seem  to  in- 
dicate, that  the  depression  is  decreased  one  half  by 
boiling,  and  by  diminishing  the  correction  accord- 
ingly, the  two  instruments  exactly  agree.  By  a 
comparison  of  several  others,  this  estimate  is  greatly 
confirmed ; and  I have  lately  had  an  opportunity  of 
putting  it  to  a decisive  test.  Captain  Sabine,  before 
his  departure  for  the  North  Seas,  requested  me  to 
assist  at  an  examination  of  his  barometers:  two 
were  of  the  mountain  construction,  with  iron  cis- 
terns, by  Newman ; and  one  was  a marine  baro- 
meter, by  Jones.  They  had  all  been  independently 
graduated  from  the  surface  of  the  mercury,  and 
boiled.  The  interior  diameters  of  the  two  first 
were  .15  inch,  and  the  correction  for  the  capacities 


OF  THE  BAROMETER,  ^C. 


361 


of  the  cisterns  ^\th.  The  diameter  of  the  last  .31 
inch,  and  the  correction  for  the  capacity  of  thed^atern 
-jij-th.  The  neutral  points  of  the  three  were  the  same, 
viz.^  30.400.  The  following  is  the  comparison  of  the 
three  instruments  with  the  one  which  had  been 
already  compared  with  that  of  the  Royal  Society. 
The  latter  I shall  call  1 ; the  two  other  mountain 
barometers,  2 and  3,  and  the  marine  barometer,  4. 
The  heights  are  the  means  of  four  observations, 
taken  independently  by  different  observers,  who 
never  differed  more  than  .005  inch. 


No.  1. 

SO. 1835 

.0000 

No.  2. 

30. 1730 

— . 0042 

No.  3. 

30.1845 

— . 0039 

No.  4. 

30  J Mercury 

.01 87  Capacity. 

30. 1835 

+ .0880 

30. 1688 

+ 0880 

30. 1806 

+ .0880 

30. 1750 

+ . 0280  Action,  by  Dr. 

30.2715 

30.2568 

30.2686 

30. 2030 

30.1130 

— .0016 

Second  Comparison. 

30.1045  30.1087  30.1202 

— .0054  —.0052  -.0254  capacity. 

30.1114 

+ . 0880 

30.0991 

+ .0880 

30. 1035 

+ .0880 

30.0948 

+ . 0280  Capillary  action 

30. 1994 

30. 1871 

30. 1915 

30. 1228 

It  will  be  observed,  that  the  three  mountain  ba- 
rometers agree  very  closely  together,  the  greatest 
difference  from  their  average  height  being  .008  inch, 
while  the  difference  of  the  marine  barometer,  from 
the  same  height,  is,  in  the  first  comparison,  .062 
inch,  and  in  the  second  .070  inch.  If,  however,  we 
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substitute  half  the  correction  for  the  capillary  ac- 
tion, as  in  the  case  of  the  Royal  Society’s  baro- 
meter, the  difference  is  decreased  one-half. 


No.  1. 

SO. 1835 

+ . 0440 

No.  2. 

30. less 

-1- . 0440 

No.  3. 

30  1806 

+ . 0440 

No.  4. 

SO. 1750 

m At\  Half  the  Correction  for 
"T"  . Capillary  Action. 

<30.2275 

30.2128 

30.2246 

30. 1890 

30.1114 

30.0991 

30. 1035 

30.0948 

+ . 0440 

-f* . 0440 

+ . 0440 

+ .0140  Half  the  Cor. 

30.1554 

30.1431 

30.1475 

30. 1088 

The  remaining  discrepancy  I have  some  reason 
for  believing,  is  in  the  measurement  of  the  neutral 
point  of  the  marine  barometer. 

Thus  we  see  that  the  application  of  half  the  cor- 
rection for  capillary  depression,  derived  from  ex- 
periments upon  unboiled  tubes,  is  most  applicable 
to  boiled  barometers ; and  from  its  application  to 
tubes  of  the  greatly  differing-diameters,  .53  inch, 
.31  inch,  .15  inch,  we  may  pretty  safely  conclude, 
that  the  proposition  is  universal. 

The  following  Table  gives  the  results  of  the  ex- 
periments of  Lord  Charles  Cavendish  upon  ca- 
pillary depression,  the  correct  calculation  of  the 
same  by  Dr.  Young,  and  the  probable  amount  in 
boiled  tubes. : — 
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TABLE  I.  Correction  to  he  applied  to  Barometers 
for  Capillary  Action, 


Diameter  of 
Tube. 

Cavendish. 

young. 

Amount  in 
boiled  tubes. 

Inch. 

Inch. 

Inch. 

.60 

.005 

.0045 

.002 

.50 

.007 

.0074 

.003 

.45 

.0100 

.005 

.40 

.015 

.0139 

.007 

.35 

.025 

.0196 

.010 

.30 

.036 

.0280 

.014 

.25 

.050 

.0404 

.020 

.20 

.067 

.0589 

.029 

15 

.092 

.0880 

.044 

.10 

.140 

. 1424 

070 

During  my  experiments  upon  the  filling  and 
boiling  of  the  barometer-tubes,  my  attention  was 
particularly  directed  to  the  assertion  of  Sir  Hum- 
phry Davy,  (Phil,  Trans, ^ 1822,  p.  74J,  that  ‘‘there 
is  great  reason  to  believe  that  air  exists  in  mercury, 
in  the  same  invisible  state  as  in  water,  that  is,  dis- 
tributed through  its  pores and  to  the  disheartening 
fact,  (if  proved),  that  absorption  of  air  “ may  ex- 
plain the  difference  of  the  heights  of  the  mercury  in 
different  barometers ; and  seems  to  indicate  the 
propriety  of  re-boiling  the  mercury  in  these  instru- 
ments, after  a certain  lapse  of  time.”  It  is  with 
much  diffidence  that  I am  compelled  to  differ  from 
the  high  authority  of  the  President  upon  this  in- 
teresting point : but  there  is  one  observation  which 
I made,  which,  I think,  nearly  disproves  the  suppo- 
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sition.  All  fluids,  which  are  known  to  absorb  air 
into  their  pores,  invariable  emit  it  when  the  pres- 
sure of  the  atmosphere  is  removed : but,  upon  an 
attentive  examination  of  large  bodies  of  mercury, 
variously  heated  in  the  vacuum  of  an  air-pump,  I 
never  saw  a bubble  of  air  given  off  from  the  surface 
of  the  metal.  Air  will  rise  from  the  contact  of  the 
mercury  with  the  glass  in  which  it  is  contained,  in 
exact  inverse  proportion  to  the  care  with  which  it 
has  been  filled,  but  it  never  rises  from  the  surface 
of  the  mercury  alone.  The  difficulty  of  properly 
filling  a barometer-tube,  I attribute  to  the  attraction 
between  the  glass  and  the  air — not  to  that  between 
the  mercury  and  air ; and  I believe  that  air  will 
insinuate  itself  a little  way  between  the  glass  and 
the  metal  at  the  exposed  end  of  a boiled  tube,  but 
that  this  cannot  happen  if  the  end  be  plunged  in 
mercury;  and,  consequently,  that  no  deterioration 
of  barometers  is  to  be  apprehended  from  this  cause. 
Such  a deterioration,  indeed,  if  it  had  existed, 
must,  long  ago,  have  been  detected  from  the  in- 
struments themselves  ; for,  although  the  register  of 
the  Royal  Society  is  not  in  such  a state  as  to 
enable  any  one  to  reason  upon  its  conclusions,  that 
of  the  Royal  Observatory  of  Paris,  and  some  others, 
must  have  disclosed  the  fact. 

With  respect  to  the  method  of  filling  a barometer- 
tube  in  vacuo,  recommended  above,  I have  little 
doubt  that  it  is  as  accurate  as  the  method  of  boil- 
ing, if  performed  with  proper  care;  and  it  is  in- 
finitely less  troublesome  and  hazardous.  The. 
electric  light  is  as  strong  in  the  tube,  and  its  ap- 
pearance is  in  every  way  as  perfect.  There  is. 
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however,  one  precaution  which  it  is  proper  to  take, 
viz,,  to  boil  about  an  inch  of  mercury  in  the  lower 
end  of  the  tube,  as  this  will  prevent  that  concussion 
of  the  metal  in  its  fall,  which,  breaking  it  into 
globules,  is  apt  to  entangle  any  of  the  residual  air. 
At  all  events  it  will  be  a great  improvement  upon 
the  common  method,  which  merely  consists  in  pass- 
ing a large  bubble  of  air  up  and  down  the  tube, 
to  collect  together  the  smaller  particles  which  ad- 
here to  the  glass. 

Indeed  it  is  high  time  that  more  attention  should 
be  paid  to  the  construction  of  meteorological  in- 
struments in  general.  The  generality  of  observers 
are  little  aware  of  the  serious  inaccuracies  to  which 
they  are  liable.  In  the  shops  of  the  best  manu- 
facturers and  opticians  I have  observed  that  no 
two  barometers  agree ; and  the  difference  between 
the  extremes  will  often  amount  to  a quarter  of  an 
inch:  and  this,  with  all  the  deceptive  appearance 
of  accuracy,  which  a nonius,  to  read  off  to  the  five 
hundredth  part  of  an  inch,  can  give. 

The  common  instruments  are  mere  play-things, 
and  are,  by  no  means,  applicable  to  observations  in 
the  present  state  of  natural  philosophy.  The  height 
of  the  mercury  is  never  actually  measured  in  them, 
but  they  are  graduated  one  from  another,  and  their 
errors  are  thus  unavoidably  perpetuated.  Few  of 
them  have  any  adjustment  for  the  change  of  level  in 
the  mercury  of  the  cistern,  and  in  still  fewer  is  the 
adjustment  perfect:  no  neutral  point  is  marked 
upon  them,  nor  is  the  diameter  of  the  bore  of  the 
tube  ascertained : and  in  some  the  capacity  of  the 
cisterns  is  perpetually  changing  from  the  stretching 
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‘of  a leathern  bag*,  or  from  its  hygrometric  proper- 
ties. Nor  would  I quarrel  with  the  manufacture  of 
such  play-things;  they  are  calculated  to  afford 
much  amusement  and  instruction  ; but  all  I contend 
for  is,  that  a person,  who  is  disposed  to  devote  his 
time,  his  fortune,  and  oftentimes  is  health,  to  the 
enlargement  of  the  bounds  of  science,  should  not  be 
liable  to  the  disappointment  of  finding  that  he  has 
wasted  all,  from  the  imperfection  of  those  instru- 
ments, upon  the  goodness  of  which  he  conceived 
that  he  had  good  grounds  to  rely.  The  questions, 
now  of  interest  to  the  science  of  meteorology,  re- 
quire the  measurement  of  the  five  hundredth  part  of 
an  inch  in  the  mercurial  column ; and,  notwithstand- 
ing the  number  of  meteorological  journals,  which 
monthly  and  weekly  contribute  their  expletive 
powers  to  the  numerous  magazines,  journals,  and  ga- 
zettes, there  are  few  places,  indeed,  of  which  it  can  be 
said  that  the  mean  height  of  the  barometer  for  the  year 
has  been  ascertained  to  the  tenth  part  of  an  inch. 
The  answer  of  the  manufacturer  to  these  observa- 
tions is,  that  he  cannot  afford  the  time  to  perfect 
such  instruments.  Nor  can  he,  at  the  price  which  is 
commonly  given ; for  few  people  are  aware  of  the 
requisite  labour  and  anxiety.  But  who  would 
grudge  the  extra-remuneration  for  such  pains?  Not 
the  man  who  is  competent  to  avail  himself  of  its 
application.  Let  the  manufacture  of  play-things 
continue,  but  let  there  be  also  another  class  of  in- 
struments which  may  rival  in  accuracy  those  of  the 
astronomer. 

It  will,  no  doubt,  be  a part  of  the  plan  of  the 
Committee  of  the  Royal  Society,  to  establish  a stand- 
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ard  barometer,  and  to  afford  every  facility  of  com-* 
parison  with  it ; so  that  any  person,  for  scientific  pur- 
poses, may  have  an  opportunity  of  verifying  an  instru- 
ment : and  it  is  to  be  hoped  that  they  may  proceed 
one  step  further,  and  take  measures  for  ascertaining 
the  agreement  of  the  instruments  at  all  the  principal 
observatories,  not  only  in  this  country,  but  in  other 
parts  of  the  world. 

Nor  is  it  in  the  construction  of  barometers  only 
that  the  meteorologist  has  to  complain  of  that  want 
of  accuracy  which  is  so  essential  to  the  progress  of 
his  science:  the  same  carelessness  attends  the 
manufacture  of  the  thermometer.  Few  people  are 
aware  that  they  are  all,  even  those  which  bear 
the  first  makers’  names,  made  by  the  Italian  artists, 
who  graduate  them  one  from  another,  and  never 
think  of  verifying  the  freezing  and  boiling  points. 
The  bulbs  are  all  blown  with  the  mouth,  and  very 
little  attention  is  paid  to  the  regularity  of  the  tube. 
The  register  thermometers  particularly,  are  shame- 
fully deficient.  Those  of  Six’s  construction  are 
often  filled  with  some  saline  solution  instead  of 
alcohol ; and  in  the  best,  the  spirit  is  not  exposed 
long  enough  in  mcuo,  to  disengage  the  air  with 
which  it  is  mixed.  The  consequence  is,  that  it  is 
liable  to  become  liberated,  and,  of  course,  interferes 
with  the  results.  The  original  directions  of  the  in- 
ventor have  also  been  departed  from,  as  to  the  pro- 
portions of  the  different  parts,  and  as  to  the  con- 
struction of  the  mdices. 

Those  upon  Rutherford’s  plan  are  universally 
sealed  with  air  in  their  upper  parts,  which  acts  as  a 
spring  against  the  expansion  of  the  column.  The 
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‘ iron  index  of  one  is  liable  thereby  to  become 
oxidated,  and  adheres  to  the  glass,  when  the  mer- 
cury passes  it,  and  it  becomes  entangled  ; while  the 
spirit  of  the  other  being  unavoidably  mixed  with 
air,  when  the  pressure  is  decreased  by  cold  it  is 
disengaged.  The  air  may  be  again  dissolved  by 
increasing  the  pressure  before  afire,  and  passing 
the  bubble  backwards  and  forward,  and,  in  a state 
of  solution,  it  does  not  appear  to  interfere  with  the 
equability  of  the  expansion.  This,  however,  is  not 
certain ; and,  at  all  events,  it  is  liable  to  re-appear, 
and  is  very  troublesome.  These  imperfections  are, 
by  no  means,  necessary  consequences  of  the  con- 
struction of  the  instruments,  although  the  makers 
are  very  willing  that  they  should  be  so  considered ; 
but  it  requires  great  care  and  attention  to  guard 
against  them.  The  general  mounting  of  the  meteo- 
rological thermometers  is  exceptionable  in  every 
way  ; buried  as  they  are  in  a thick  mass  of  wood, 
and  covered  with  a clumsy  guard  of  brass,  they  can 
but  very  slowly  follow  the  impressions  of  atmo- 
spheric temperature. 

The  establishment  of  a perfect  standard  thermo- 
meter, which  shall  be  accessible  to  all  who  may 
wish  to  consult  it,  will  also,  doubtless,  be  another 
object  of  the  Committee  of  the  Royal  Society. 

With  respect  to  the  change  in  the  freezing  point, 
which  takes  place  in  time  in  the  best  thermometers, 
I have  lately  had  an  unexceptionable  opportunity  of 
confirming  the  assertions  of  the  French  and  Italian 
philosophers.  Mr.  Jones  has  obligingly  put  into  my 
hands  two  thermometers  of  the  late  Mr.  Cavendish, 
which  have  evidently  been  constructed  with  much 
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care.  The  mercury  in  the  balls  of  both  flows  freely 
into  the  tubes  when  reversed;  and  when  suffered  to 
fall  sharply,  strikes  the  ends  with  a metallic  sound. 
The  same  click  may  be  heard  in  the  bulbs  when  it 
is  permitted  to  fall  back,  and  the" cavity  closes  with- 
out the  slightest  speck.  These  indications  of  a 
well-boiled  tube  are  rarely  to  be  met  with  in  the 
common  thermometers  of  the  present  day.  They 
are  mounted  upon  common  deal  sticks,  and  the 
graduation,  which  is  only  continued  for  a few  de- 
grees about  the  freezing  point,  is  engraved  upon 
a small  slip  of  brass.  The  degrees  are  very  large, 
and  they  are  distinctly  divided  into  tenths.  Each 
degree  of  No.  1,  occupies  a space  of  .208  inch,  and 
of  No.  2,  .130  inch.  The  scratch  upon  the  glass  for 
the  freezing  point  is  very  visible  in  both.  It  is  dif- 
ficult to  say  for  what  purpose  they  were  originally 
made,  but  evidently  for  some  experiments  upon  the 
freezing  point  of  water ; and  if  they  had  been  ex- 
pressly constructed  to  verify  the  present  point,  they 
could  not  have  been  better  contrived  for  the  pur- 
pose. The  bulbs  of  both  were  plunged  into  pounded 
ice,  in  which  they  were  left  for  half  an  hour,  and 
the  height  of  the  mercury  was  carefully  taken  by 
two  observers  with  the  aid  of  magnifying  glasses. 
The  result  of  the  examination  was,  that  in  No.  1. 
the  freezing  point  upon  the  scale  was  0.4  degree  too 
low,  and  in  No.  2,  0.35  degree.  There  can  be 
little  doubt,  I think,  that  the  right  cause  of  the  phe- 
nomenon has  been  assigned,  mz,,  the  change  of 
form  and  capacity  which  the  glass  undergoes  from 
the  pressure  of  the  atmosphere  upon  the  vacuum  of 
the  tube. 
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But  attention  to  the  perfection  of  - instruments 
will  be  all  in  vain,  without  a proper  degree  of  care 
and  system  in  making  and  recording  the  observa- 
tions. Observers  would  render  a much  greater 
service  to  science  by  devoting  less  of  their  time  to 
the  actual  inspection  of  their  instruments,  and  more 
to  applying  the  proper  corrections.  If  the  meteoro- 
logist plead  want  of  leisure,  instead  of  daily  obser- 
vations, let  him  record  the  atmospheric  changes  of 
every  second  or  third  day,  but  let  what  he  does  re- 
cord be  correct.  The  proper  hours  of  the  day  for  ob- 
servation are  indicated  by  the  barometer : the  maxi- 
mum height  of  the  mercurial  column  is  about  9 A.M., 
the  mean  at  1 2,  and  the  minimum  at  3 P.  M.  If  a per- 
son have  time  to  make  three  observations  in  the  day, 
these  are  the  hours  which  he  should  select:  if  circum- 
stances only  allow  of  his  observing  twice,  9 A.M. 
and  9 P.M.  are  the  proper  intervals : if  only  once, 
noon  is  the  time.  These  fortunately  happen  to  be, 
probably,  the  most  universally  convenient  hours 
that  could  have  been  selected.  In  national  obser- 
vatories, it  would  not  be  too  much  to  expect,  that 
observations  at  3 A.M.  should  be  added  to  the 
preceding.  Even  those  who  merely  consult  the 
barometer  as  a weather-glass,  would  find  it  an  ad- 
vantage to  attend  to  these  hours ; for  I have  re- 
marked, that  much  the  safest  prognostications  from 
this  instrument  may  be  derived  from  observing  when 
the  mercury  is  inclined  to  move  contrary  to  its  peri- 
odical course.  If  the  column  rise  between  9 A.M. 
and  3 P.M.,  it  indicates  fine  weather  ; if  it  fall  from, 
3 to  9,  rain  may  be  expected. 

But  the  meteorologist,  who  wishes  to  confer  a real 
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benefit  upon  science  by  his  labours,  has  a much 
more  tedious  duty  to  perform  than  this.  After 
taking  the  height  of  the  barometer  at  the  prescribed 
times  with  all  possible  caution,  he  will  take  care  to 
make  the  proper  corrections  of  the  observations.  If 
his  instrument  be  not  furnished  with  a contrivance 
for  adjusting  the  level  of  the  mercury,  he  will  correct 
it  according  to  the  relative  capacities  of  the  tube 
and  cistern : he  will  add  the  proper  quantity  for 
capillary  depression,  according  to  the  diameter  of 
the  tube:  and  he  will  then  reduce  the  height  to 
what  it  would  have  been,  if  the  mercury  had  been  of 
the  standard  density  at  the  temperature  of  32°. 

For  the  purpose  of  facilitating  this  last  operation, 
I shall  here  subjoin  a Table  of  the  proper  cor- 
rection, calculated  by  Mr.  Rice  from  the  experi- 
ments of  MM.  Du  Long  and  Petit,  upon  the  ex- 
pansion of  mercury  and  mean  dilatation  of  glass: — 
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By  calculating  the  monthly  means,  the  observet 
will  give  a still  greater  value  to  his  co-operation. 

Attention  to  these  directions,  in  addition  to  the 
benefit  which  it  would  confer  upon  meteorology, 
would  also  facilitate  the  purposes  of  barometric 
levelling ; in  return  for  which,  the  detached  opera- 
tions of  barometric  mensuration  should,  if  possible, 
be  performed  with  a due  regard  to  the  prescribed 
hours  of  the  meteorologist. 

The  observation  of  the  barometer  almost  neces- 
sarily implies  an  inspection  of  the  thermometer, 
and  the  height  of  that  instrument  should  be  re- 
corded at  the  same  periods ; in  addition  to  which 
the  maximum  and  minimum,  by  register  thermo- 
meters, should  be  carefully  noted.  The  proper  pre- 
cautions to  be  taken  in  placing  the  instruments  for 
this  purpose,  are  now  so  well  understood  that  it  is 
needless  to  repeat  them : they  are  summed  up  by 
saying,  that  they  should  be  sheltered  from  every 
species  of  radiation.  The  register  of  the  force  of 
radiation  in  a reflector  (as  described  in  the  Essay 
upon  Radiation,)  and  the  power  of  the  sun's  rays 
upon  black  wool  would  also  be  particularly  inter- 
esting ; in  addition  to  which,  those  who  have  the 
opportunity  should  not  neglect  the  variations  of  the 
temperature  of  the  sea  and  other  deep  bodies  of 
water. 

The  periods  of  the  barometric  observations  are  - 
also  well  adapted  to  those  of  the  hygrometer  ; but 
the  mean  pressure  of  the  aqueous  atmosphere  should 
be  calculated  from  the  dew-point  at  3 P.M.,  and  the 
lowest  temperature  at  night  of  the  sheltered  ther- 
mometer. The  prognostications  to  be  derived  from 
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this  instrument  have  been  already  described  in  the 
Essay  upon  the  Hygrometer,  and  to  these  I shall 
only  now  add,  that  by  comparing  the  dew-point  with 
Table  III.  of  the  Essay  upon  the  Climate  of  Lon- 
don, an  accurate  estimation  may  be  formed  of  its 
accordance  with  the  mean,  and  of  the  consequent 
probability  of  precipitation,  change  of  wind,  ^c. 

With  respect  to  the  rain  and  evaporation  gauges, 
and  the  vane,  I can  add  nothing  to  the  full  direc- 
tions given  by  Mr.  Howard ; and  can  only  lament 
with  him,  that  some  effectual  means  have  not  yet 
been  adopted  for  measuring  the  force  of  the  aerial 
currents  as  well  as  their  direction.  Nor  have  I,  at 
present,  any  thing  to  offer  upon  the  extremely  im- 
portant subject  of  atmospheric  electricity.  This  in- 
teresting department  of  the  science  has  been  al- 
most totally  neglected,  and  it  is  much  to  be  wished 
that  some  competent  person  would  devise  the  proper 
means  of  prosecuting  an  experimental  investigation 
of  the  subject. 

In  concluding  these  observations,  I must  not,  in 
justice,  omit  to  state,  that  in  all  the  practical  de- 
tails with  which  I have  been  engaged,  I have  met 
with  the  most  ready  and  able  assistance  from  Mr. 
Newman.  He  entered  fully  into  all  my  views  with 
respect  to  the  improvement  of  meteorological  instru- 
ments, and  has  bestowed  much  time  and  attention 
upon  executing  the  hints  which  I have  suggested. 
His  portable  barometers  with  iron  cisterns  may  be 
depended  upon  for  the  nicest  experiments. 

I must  terminate  these  remarks,  as  I began,  by 
an  urgent  recommendation  to  meteorologists  to  use 
standard  instruments,  to  observe  them  with  care. 
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and  to  make  all  necessary  corrections  for  accidental 
differences;  and,  above  all,  to  keep  their  tables 
upon  the  same  scheme.  • Much  curious  information 
is  dependant  upon  such^an  extensive  plan  of  com- 
parative observation ; and  without  it  the  observer 
does  little  more  than  accumulate  an  overwhelming 
mass  of  crude  and  incorrect  materials,  already  too 
large  for  arrangement  and  correction.  The  ex- 
ample has  been  set  by  the  Royal  Academy  of 
Sciences  of  Paris,  and  no  better  model  can  be 
taken  than  the  Meteorological  Journal  kept  at  their 
observatory. 


BAROMETRICAL  EXPERIMENTS 
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The  late  Professor  Playfair,  in  his  elaborate 
Essay  upon  Barometrical  Measurements,  has  sug- 
gested * the  idea  of  fixing  two  barometers,  the  one 
at  the  top,  and  the  other  at  the  bottom  of  a high 
tower  or  hill  of  moderate  elevation  ; to  be  observed 
at  the  same  instant,  together  with  their  corre- 
sponding thermometers,  for  the  purpose  of  com- 
puting from  the  variation  of  the  difference  of  their 
heights  the  quantity  of  moisture  dissolved  in  the 
air.  ‘‘  The  height  at  which  the  one  barometer,”  he 
observes,  “ should  be  placed  above  the  other,  ought 
not  to  be  so  small  that  the  unavoidable  errors  of 
observation  (which  may  amount  to  five  feet)  may 
be  considerable  in  respect  of  the  whole ; nor  so  great 
as  to  introduce  error  from  other  causes.  It  ought 
not,  therefore,  to  be  less  than  100,  nor  much  greater 
than  500  feet.”  He  concludes,  “Nor  can  this  appli- 
cation of  the  barometer  fail  of  leading  to  some  useful 
conclusion ; for  if,  on  trial,  it  shall  be  found  that  the 
operation  of  humidity  in  changing  the  specific  gra- 
vity of  the  air  is  overruled  or  concealed  by  the 
action  of  more  powerful  causes,  the  discovery,  even 
of  this  fact,  will  give  a value  to  the  observations.” 

This  suggestion  is  no  longer  required  for  the  pur- 


* Works  of  John  Playfair,  Esq.,  vol.  iii.,  p.  85. 
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poses  of  hygrometry,  as  we  have  now  the  means  of 
accurately  appreciating  the  effects  of  moisture  upon 
the  air : but  there  is  no  doubt  that  it  might  be  ap- 
plied to  the  discovery,  of  other  atmospheric  in- 
fluences. For  this  purpose  it  is  now  particularly 
fitted,  as  the  before  unknown  hygrometric  correction 
may  be  independently  applied  with  certainty ; and 
any  other  disturbances  are  disengaged  from  this 
source  of  ambiguity. 

I have  long  wished  for  an  opportunity  of  making 
the  attempt  with  all  the  requisite  precautions ; but, 
as  it  is  one  which  requires  patient  and  very  careful 
co-operation,  I have  not  been  able  to  execute  the 
details  satisfactorily.  The  following  experiments, 
however,  though  necessarily  deficient  in  precision, 
may  not  be  without  interest,  and  their  results  may 
possibly  induce  others  to  undertake  an  investigation 
which  promises  amply  to  repay  a patient  pursuit. 

I have  been  extremely  anxious  to  ascertain,  in  the 
first  place,  to  what  degree  of  precision  it  is  possible 
to  arrive  in  barometrical  mensuration,  in  different 
states  of  the  atmosphere,  when  the  corrections  for 
temperature  and  vapour  have  both  been  made;  and 
I availed  myself  of  a long  residence  in  the  neigh- 
bourhood of  Box-hill,  and  Leith-hill,  in  Surrey,  to 
decide  the  point,  as  far  as  these  heights  would  per- 
mit me ; and  also  to  select  a series  of  stations  for 
further  experiments.  The  great  disadvantage  that 
I have  had  to  contend  with,  consists  in  the  want  of 
contemporaneous  observations  ; in  lieu  of  which  I 
have  been  obliged  to  substitute  the  mean  of  two  ob- 
servations, at  the  lower  station,  at  setting  out  and 
returning.  I shall  here  give  the  details  of  four  mea- 
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surements,  of  Leith-hill,  to  shew  the  degree  of  un- 
certainty which  attaches'  to  this  method  of  proceed- 
ing. The  heights  of  the  barometer  are  corrected  for 
all  adventitious  circumstances,  every  precaution 
was  taken  in  observing  them,  and  the  instrument 
is  one  upon  the  accuracy  of  which  I can  confidently 
rely. 

The  lower  station  was  at  the  foot  of  Box-hill, 
about  forty-five  feet  above  the  bed  of  the  river  Mole ; 
and  the  upper  station,  the  tower  upon  Leith-hill, 
about  seven  miles  distant : — 
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TABLE  I.  Barometrical  Measurements  of  Leith  Hill, 
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The  differences  from  the  mean,  exhibited  by  this 
Table,  must  be  acknowledged  to  be  very  small, 
being  only  six  feet  in  836  feet,  or  .006  in.  of  mer- 
cury in  the  weight  of  the  intercepted  column  of  air, 
corrected  for  vapour  and  temperature. 

The  next  series  of  Experiments  was  made  upon 
a less  elevation,  but  one  which  offered  the  advan- 
tage of  easier  access,  and  a smaller  interval  between 
the  observations.  The  lower  station  was  the  same 
as  before,  and  the  upper,  a clump  of  trees  upon  Hed- 
ley  Heath,  which  form  a very  conspicuous  land- 
mark for  a large  extent  of  surrounding  country.  This 
height  I divided  into  three  stations,  one  above  the 
other,  for  the  purpose  of  ascertaining  whether  the 
parts  of  a height,  so  measured  in  divisions,  would 
correspond  with  the  direct  measurement  at  two  ob- 
servations ; in  what  part  the  error,  if  any,  was  most 
likely  to  occur;  and  also  the  effect  of  difference  of 
position  with  regard  to  the  surrounding  hills.  The 
first  station  above  the  point  of  departure  was  in  a 
deep  ravine,  below  the  military  road  which  leads  to 
the  top  of  Box-hill.  It  is  surrounded,  except  at  a 
narrow  entrance,  by  very  steep  hills,  those  on  each 
side  being  about  200  feet  high.  It  was  selected  for 
the  purpose  of  ascertaining  whether  a difference  in 
the  velocity  of  the  wind  passing  over  such  a hollow, 
would  produce  any  difference  in  the  pressure  of  the 
atmospheric  column.  The  second  station  was  on 
the  top  of  Box-hill,  almost  perpendicularly  above 
the  point  from  whence  I set  out ; and  the  third,  the 
trees  before  described  upon  the  edge  of  the  hill, 
which  is  very  steep,  and  forms  part  of  the  boundary 
of  a valley  which  runs  at  right  angles  to  the  one 
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which  is  overlooked  by  the  second  station.  I shall 
not  attempt  to  give  the  particulars  of  the  observa- 
tions, which  would  occupy  too  much  space,  but  only 
the  calculated  results,  and  such  circumstances  as 
may  be  supposed  to  have  had  an  influence  in  their 
production.  Each  height  was  calculated  from  the 
mean  of  two  observations,  one  made  in  the  ascent 
and  the  other  on  the  return.  They  are  included  in 
the  following  Table  : — 


TABLE  II.  Barometrical  Measurements  of  Hedley  Heath,  at  different  Stages  of  the  Height. 
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Of  these  observations,  the  first  series  was  made 
at  a time  when  the  atmosphere  was  in  such  a state, 
as  to  require  the  smallest  possible  correction  for 
temperature  and  moisture ; and  it  will  be  observed, 
that  the  calculation  from  them  of  the  height  of  the 
highest  station,  scarcely  differs  from  the  mean,  the 
error  being  less  than  two  feet  in  585.  The  height 
of  the  next  lower  station  also  corresponds  very 
closely ; but  in  the  height  of  the  first  station,  we 
have  a difference  of  7.5  feet  in  157.  This  differ- 
ence, most  probably,  attaches  to  the  observation  in 
the  ravine:  for,  if  it  had  been  in  the  first  observa- 
tion, it  would  have  been  discoverable  in  all  the  re- 
sults ; whereas,  omitting  the  second,  all  the  rest  are 
correct,  and  the  third  is  deficient  exactly  the  quan- 
tity which  is  in  excess  in  the  second. 

The  last  series  forms  the  proper  contrast  to  this, 
as  requiring  almost  the  greatest  possible  correction 
for  both  temperature  and  moisture:  and  here  we 
perceive  that  the  first  and  second  heights  are  very 
correct,  but  there  is  a large  error  in  the  third, 
amounting  to  ten  feet,  in  158.  The  height  of  Box- 
hill  thus  differs  from  the  mean,  only  2.4  feet;  while 
that  of  Hedley-heath  differs  thirteen  feet ; the  error 
must,  consequently,  be  included  in  the  last  obser- 
vation. 

In  the  second  series  of  observations  we  find  an 
error  of  eighteen  feet  in  the  total  elevation  ; but  by 
attending  to  the  analysis,  we  cannot,  as  in  the  two 
last  cases,  trace  it  to  any  particular  station:  it  is 
largest  at  the  first,  but  goes  on  accumulating  at  all : 
during  this  series,  the  wind  was  extremely  violent. 

The  third  set  of  observations  exhibits  great  errors 
in  deficiency  in  the  first  and  last  sections  of  the  ele- 
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vation,  but  none  in  the  intermediate.  The  results 
of  the  fourth  are  all  pretty  accurate ; and  those  of  the 
fifth  present  the  only  instance  of  any  considerable 
difference  between  the  measurement  at  one  oper- 
ation, and  the  measurement  in  parts. 

The  result  of  all  the  observations  taken  together 
prove,  that  the  intermediate  station  was  very  consi- 
derably less  liable  to  error  than  either  of  the  ex- 
tremes; and  strongly  suggests  the  following  query : — 
Whether  local  currents  of  air,  and  those  deflections 
of  the  wind,  which  are  caused  by  the  different  direc- 
tions of  different  valleys,  may  not  produce  various 
partial  adjustments  of  density,  which  may  have  an 
influence  upon  barometrical  mensuration? 

The  measurement  of  a height,  in  divisions,  does 
not  appear,  by  this  analysis,  to  be  liable  to  any 
objection;  and  it  possesses  this  great  advantage, 
when  the  altitude  is  very  considerable,  mz,,  that 
we  can  make  a much  nearer  approximation  thereby, 
to  the  real  specific  gravity  of  the  intercepted  column 
of  air,  than  by  two  observations  only.  This  remark 
is  applicable  to  the  correction  for  temperature,  but 
much  more  so  to  that  for  moisture ; for,  as  we  have 
seen  in  the  previous  investigation,  the  quantity  of 
vapour  does  not  decrease  gradually,  like  the  heat, 
with  the  elevation,  but  continues  of  nearly  equal 
elasticity  to  a certain  height,  and  then  suddenly 
decreases  considerably.  The  mean,  therefore,  of 
two  observations,  taken  at  the  bottom  of  a mountain 
and  at  the  top,  might  be  very  far,  indeed,  removed 
from  the  real  state  of  the  aerial  column ; and  the  more 
we  multiply  observations  of  the  dew-point,  the  more 
we  diminish  the  chances  of  error  from  this  source. 

The  last  set  of  experiments  includes  a series  of 
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forty-five  observations  upon  one  height,  under  every 
possible  variation  of  the  atmosphere.  The  station 
was  that  upon  Box-hill,  which  formed  the  second 
stage  of  the  previous  set.  The  results  I shall 
divide  into  different  classes,  to  ascertain  the  in- 
fluence of  different  circumstances,  and  I shall  ex- 
press them  by  the  length  of  the  column  of  mercury, 
which  would  be  the  equipoise  of  the  intercepted 
column  of  air,  supposing  it  corrected  for  tempe- 
rature and  moisture.  The  mean  result  of  all  the 
observations  is  .4848  inch. 

The  following  Table  includes  the  eleven  obser- 
vations, in  which  both  corrections  were  at  the 
greatest  amount. 

TABLE  III.  Barometrical  Measurement  of  Box-hill 
in  very  hot  Weather, 


Length  of 
Column. 

Temperature. 

Dryness. 

Air. 

Dew-point. 

.486 

81 

66 

15 

.485 

68 

59 

* 9 

.494 

68 

60 

8 

.470 

67 

61 

6 

.472 

67 

64 

3 

.495 

66 

56 

10 

.499 

65 

55 

10 

.495 

65 

57 

8 

.493 

65 

60 

5 

.479 

65 

59 

6- 

1 .470 

65 

52 

13 

00 

Mean. 

2 C 
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The  average  scarcely  differs  from  the  general 
mean. 

Seven  observations  in  cold  weather,  in  which  the 
required  corrections  were  very  small,  and  mostly 
on  the  contrary  side,  are  included  in  the  following 
Table:— 

TABLE  IV.  Barometrical  Measurement  of  Box-hill 
in  very  cold  Weather, 


Temperature. 

Length  of 
Column. 

Air. 

Dew-point. 

Dryness. 

Inch. 

, .492 

31 

29 

2 

.494 

34 

30 

4 

.487 

30 

23 

7 

.486 

29 

28 

1 

.490 

32 

31 

1 

.474 

27 

25 

2 

.467 

32 

30 

2 

.4842 

Mean. 

The  average  of  these,  again,  only  differs  .0006 
inch  from  the  same  standard.  These  experiments 
may,  therefore,  be  regarded  as  decisive  of  the 
adequacy  of  the  corrections  for  temperature  and 
vapour. 

The  following  eight  results  were  calculated  from 
observations  when  the  moon  was  nearly  upon  the 
meridian: — 
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TABLE  V.  Barometrical  Me amr merit  of  Box-kill j with 
the  Moon  upon  the  Meridian, 

Length  of  Column. 

4S2 

.483 

.469 

.474 

.479 

.486 

.480 

.470 

. 4778  Mean.  | 


Here  we  have  a small  but  decided  difference, 
sufficient  to  strengthen  the  query  already  suggested 
in  the  first  Essay.  Does  not  the  position  of  the 
moon  influence,  in  some  degree,  the  results  of  baro-  ^ 
metrical  mensurations?  The  difference,  .007  inch,  is 
in  deficiency,  and  agrees,  so  far,  with  the  antici- 
pation of  the  effect. 

The  position  of  the  sun  may,  also,  be  expected 
to  have  an  influence  upon  the  elastic  fluids  of  the 
atmosphere,  independent  of  its  heating  power;  to 
determine  which,  the  following  observations  at  noon 
Avere  extracted : — 
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TABLE  VI.  Barometrical  Measurement  of  Box-hill, 
with  the  Sun  upon  the  Meridian, 

Length  of  Column. 

.473 

.470 

.495 

.475 

.465 

.476 

470 

486 

. 494  ‘ " 

.474 

.4778  Mean. 


The  difference  is  the  same  as  in  the  last  Table, 
and  points  to  the  same  kind  of  planetary  influence. 
It  is  sufficient  to  justify  the  query — Does  not  the 
position  of  the  sun  affect  the  results  of  barometrical 
mensurations  ? 

A third  disturbing  cause  we  cannot  but  look  for 
in  the  operations  of  the  electric  fluid. 

The  following  four  observations  were  made  when 
the  atmosphere  was  highly  charged,  and  just  before 
the  commencement  of  violent  thunder-storms  : — 
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TABLE  VII . Barometrical  Measurement  of  Box-hill 
during  Thunder-storms, 

Length  of  Column. 

.481 

.485 

.476 

.465 

.4767  Mean. 


The  experiments,  it  must  be  acknowledged,  are 
not  sufficient  to  establish  the  fact;  but  the  mean 
difference,  it  will  be  observed,  is  more  than  a sixth 
of  the  total  result,  and  strongly  calls  for  further  in- 
quiry— Whether  the  electric  state  of  the  atmosphere 
does  not  affect  the  results  of  barometrical  mensu- 
rations ? 

The  following  Table  exhibits  the  barometrical 
results  in  the  most  opposite  states  of  the  wind,  mz., 
when  very  high  and  when  perfectly  calm. 

TABLE  VIII.  Barometrical  Measurement  of  Box-Mil 
in  different  States  of  the  Wind, 


Length  of  Column. 

Wind  high. 

Calm. 

.492 

.475 

.499 

. 465 

.495 

.476 

.470 

.470 

.494 

.472 

.4900 

.4716  Means. 
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The  differences  of  + .0052  in  wind,  and  —.0132 
in  calm  weather,  induce  me  to  conclude  my  queries 
by  proposing  the  following  question : What  is  the 
effect  of  wind  upon  barometrical  mensurations  ? If 
I had  had  the  means  of  prosecuting  these  inquiries 
in  the  complete  manner  which  the  nicety  of  the 
subject  requires,  I would  not  have  suffered  them 
to  retain  the  form  of  crude  speculations : but,  under 
all  circumstances,  I am  not  without  hopes  that 
this  premature  publication  may  be  useful.  It  may 
possibly  illustrate  Mr.  Playfair’s  suggestion;  it 
may  indicate  the  objects  which  it  is  calculated 
to  illustrate,  and  it  exemplifies  the  method  of  pro- 
ceeding. 
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Note. — ^All  the  maxima  results  have  the  sign  +,  and  all  the 
minima  “ prefixed. 
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fine 

very  fine 
same 

same 

overcast 

same 
very  fine 
rain 

very  fine 

showers 

rain 

fine 

showers 

Hygrometer.  | 

oOiOb-o»ok»ooo»ot-o«0‘oeo»OM'OOot*<-HeoocTj<o)e<cco»«D'<!}< 

(N  .-1  CN  ^ r-l  (N  -H  r.,  r-l  F-<  D»  _ rl  r-l  r-1  .-1 

+ 

.10.2 

<y»QO^OO<5CCOrf<OQO»Ot-t-0»0»0^»0»Ot-tO»OCOCDt^OOCOOOOTj<cS» 

'<J<Tt<«0CDt0T)*tDCDtO»O»O'^»O»OCD'cf'^‘OC0ti<'^Ti<rt<'^»O'C»'CD»OtOCO 

1 

Htct 

C-t 

»o 

(N»^<-tO»OCOp^O^OTf<b-COe<OOC00550t-(NCDOS05-HOOOOOOO«0 

COCDt-t-COCOt-t-t't>CO«OCO*^CD>0»OCDtO»0»0»OtOCDCD»OCOCOCOCO 

cc 

CD 

1 

1 

(0 

ca 

ait-ostotoeot-'cfotcocxccoeco^occo-cf— 1— 

i0C0CD00t-050>OO0)O^CN^00it-O'-'^e0'^8<5Ot^‘C»0C0CDC0t- 

010i0i0105050500050000050500000000j0i03050>c50i 

CNCND»CN<XCXCNCOOOD»OOOOCCGOCS»Ot®000(M500GOeCOCO»CNO»Dt(?<OtO» 

29.909 

Morning. 

Weather.  j 

fine 

overcast 
showers 
very  fine 
rain 

very  fine 
overcast 
fine 
same 
fine 

overcast 
very  fine 
same 
fine 
same 
showers 
very  fine 
overcast 
fine 
same 
very  fine 
same 

overcast 

same 

showers 

fine 

same 

showers 

rain 

showers 

Hygrometer.  j 

OOCOt->-'CD<NOOO>QOCDCN'c}<iOt~‘O^QOOOOOOOaiCD>-'QO«OCO  IW 

0»0»  r-l  I 

8.2 

e4CC»0010<t0(!CD»0505»^C^Ot^0iOlt~<NOC0t-00b-0»t-i— *»oosoo 

T}<'^'CO‘O<©T}«CDC0»OtO»O‘OT}<tOl0*0ti<»OTf'^Tf<Tj’Tf»O»O>O»O»OCOC0 

H- 

wiet 

GO 

»o 

o»(Woococc(>»‘oooot'<»T)*«oe<co»ooooocotococoooQ005i-'»ooeo 

CDCOCOCDCDCOCOt»tC>tO<X)CDCOCOCD»0»OCOCOtO»0»0*0»0»0»OCOCDCOCO 

o» 

CD 

Barometer.  | 

r'»t-C35»^Tft't-GC»0^O'cJ<SCa)D»C0lr~'^»0t-<-<05OCDt^(Nt'00t0CD 

OC0^00t^0005OOOO^0>»^05C005'-<i-<C>»'^00D»00t0»0»0»0t0t- 

ai(3s0j0>050505000000005010500000005050505050501 
^WC<CNCNC?«<NC<5eOGOGCCOeOGOO<CN<N00  50  50^CC0CO<CNC>t(NOtD»O< 

29.913 

1819 

September. 

.-<©»00Tt<t0C0»«'000SO'-'CN(«'^»0C0t~Q005O<-i©<00Tf<t0CDt-Q0ClO 
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Weather,  | 

very  fine 
fine 

showers 
very  fine 
same 
showers 

overcast 

rain 

overcast 

same 

very  fine 

small  rain 

very  fine 

showers 

fog 

very  fine 

same 

fog 

same 

rain 

sleet 

rain 

very  fine 

dark 

fog 

very  fine 

dull 

fine 

rain 

same 

same 

[ygrometer.  j 

j(y»  j jTfCO  Ji—  J I j j 

1.5 

0<»eOC<(350»tOOit-'-'t^O^«^(350»Oi!3505'-'t'— *00<5»00»t^<!005COt^ 
«O»O*ONfCO»O»O»O»OtD«5CO»O»OTj*Tj<00CC'^‘OGOT}*rj<00COGOG00C0CTj<Tt< 

1 

46.8 

C»Ot~«DC00Ct^0>05(»00OS<5l005C0CN05O'— ir-i— ir-*O5CD»O00Tt<rtCOt- 

COCO»O'^Nf»OW5»O>ni:5‘OCO»O»O'?}<Tf*T}*0Q»O»O00'^'^SOC0a0C0<«'^rJ«Tf 

48.3 

1 Barometer.  | 

e0<NOCNC0rt<^Oe00i001>05— >05t-W5t~O<0Q0e0Ot-00.-><Ci^O'-'0t 
t-t-C0CDO0505Ot-»^Q00505'-<(XO^'-<05»000'^C000T}<t-t»C-  OCDOO 

0500i0>0c50500501050^05000000505050^05'3>c5001050>050j 
OtO<O«O»00O<CN0OO»OtCXCNC5<G0  ^GO  CCGOCNOiOtO^C^CNCNOtO^O^ONCNOt 

29.783 

Afternoon. 

Weather.  | 

overcast 

fine 

showers 

fine 

very  fine 
showers 
same 

overcast 

showers 

fine 

very  fine 
same 
fine 
dull 
fine 
dull 

very  fine 
same 
fine 
rain 
snow 
rain 

showers 

dull 

fine 

very  fine 

small  rain 

foggy 

rain 

same 

same 

1 Hygrometer.  . | 

»000l-*0»0(N»0CCT}*'<i<C0t-N#<rf^0»t-O'^  J09  jCN  1 1 j 

+ 

4.7 

eCt~CD>-i<SOO^»C.-il-.CO— iGCO5COkOO5O5O5»OC^t~O»CDO5»O»C<JOp-iCN0i5t~ 
COtO*OtOGO»0»OtO‘0«OCOCD»0»OT}'GOOOGO'Tf*»OOCTj<Tj<COGC®0'^TfTi<-S<T}< 

+ 

48.3 

00»C!»CD00Tf*OTf<<-HOt'O(»OtD.-iCD05050)05CS»t~Tt<(N0t<»CCCNG0t~ 

tDCO<©»OT}<»OtDCDCDt-COl>«OCD»C»O'^-<G*'<S<»O0ONj<TfTf‘'r#<'<^Tj''<J<'^TfrJ< 

CO 

»o 

1 Barometer.  | 

0Cf-irfC005»000OOQ0T#<it~'^00<Xit'-<N0005C0O^O0<»0CC>0»0'-H00)t- 
»>t~CD»0050500000t~00050500<  — '-i^01«5»OTj<COGOTf<CDJ~i^»0»Ot- 

050505050501030050505050500000050^0i0505050i05050505050J 

0»CNCNCN(MOt(N<»CN<NCNCNO<WOOecGCG<5CNCNO<<>tCNCN<N<NO»CNOtO«Ot 

29.776 

ii 

c 

*s 

o 

IS 

W'eather.  | 

fine 

showers 

overcast 

same 
very  fine 
overcast 

same 

same 

same 
fine 
same 
very  fine 
overcast 
dull 

very  fine 
dull 

very  fine 
same 
fog 

showers 

overcast 

fine 

same 

same 

same 

overcast 
very  fine 
fine 
rain 
same 

same 

1 Hygrometer.  | 

(X)03C0C0«0b-r-iTj<'^<NCC^'^»OTf<N?‘«0»CC»5  | j j 

3.5 

050>OiCDr-iCOM5(J)COecOO'— •'-•“'OOl— <i-H«Dr-i00O5r-iTfO»0C00eOO»00 
»O»O»O»Ort<Tf»C»O»O««OtD<O>O»O»OCOTj<Tf»O'^GC0ON)<e0TtCC0OGOTj'rS< 

00 

b“00>00»b-ccc0(300»c«0'— il/5CO»nTf»OtOTf*COCN»OOC>»^'^b-<35COO^OO 
CD«OtO<XiTf»O»O<£i«OtD«O«O«O>O»C»O'<^-.;f.T}<>O-^00NfT}<TjiTf0CG0CC'<t'^ 

51.6 

1 Barometer. 

Q0)r~dG0000501OCNQ0CM«DG0-<tGC0505000J«0OOG(;O05t~»0»CTt<CN«0 
t'COCC>»C00000005b-0005CT)0<>»<-'0— 'OtD»0TfC030‘0»0b-t-»0»0t- 

05  0>  OJ  Ci  05  00500505050505000000050505050505050505050505 
CN(NO<CNO»COCNGOO»CNO»(N<NCOGOGCGOGOOOCNO»CN<N<N<N(NCNCNCNO»C5» 

1 

29.788 

1819 

October. 

^<NG0'^»0C0»»000>O— '{M(»Tj*kOCOt-00050^<>»eO'<!j'u?cot~Q0050— ' 

,-,P-i,-,,-Hr-i^F-ir-ii-..-iC^O»OtO»<NCNCN©tCNO»Gi5CO 

O '*  fe>  © « 
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Rain,  j 

0.06 

0.04 

0.02 

0.05 

0.35 

0.14 

0.06 

0.30 

0.66 

0.50 

2.18 

1 Wind.  1 

1 Force.  | 

little 

ditto 

brisk 

same 

ditto 

squally 

brisk 

little 

brisk 

little 

same 

same 

calm 

ditto 

little 

brisk 

same 

same 

little 

same 

stormy 

ditto 

little 

high 

little 

same 

same 

high 

same 

little 

1 Direction,  j 

S 

same 

S W 

N W 
same 

W 

W 

s w 
s 

s w 

SE 

same 

W 

N W 
NE 

N 

same 

same 

W 

s w 

N W 

N 

N E 

E 

1 Temperature.  1 

1 Rad.  1 

W5(M3  C50»0t-O<y»t*e0l0CD-rt<80 

©050  O»O5O)G0C»>-HCN(»G0'cJ<Tf 

1 

29.8 
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§ 

OOCD-M00  050»05SO»Ct-0»t-t-C£)rf'QOt-CUC0000505050lP-0'-(C5T}‘V5 
»0»C»OGOeOliO»0»0»OlOiO>0'«^rtirr90GOGO->;f<'!feOOOOO©OGO<NOOGOGONr'^ 

1 

42.4 

s 

Q0Q0000»O»0O‘0>— iOQ0Ot^O05W5OG050t-©00«t»Tf05'Tf<C0e0C0'Tft- 

+ 

54.8 

5 

1819 
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'-H0<S0Tt'W3<0t-C005O'-iCV>50T(<»0C0*~00  05O'-<CS»e0'*#*V5C0t-0005O'-< 

o « © « 

1 Means 

396 


METEOROLOGICAL  JOURNAL, 


1 

vercast 

fine 

same 

same 
fine 
ery  fine 

fine 

ery  fine 

vercast 

rain 

howers 

dark 

rain 

dark 

rain 

same 

dark 

ery  fine 

vercast 

sleet 

learing 

ery  fine 

same 

same 

fog 

vercast 

fog 

rain 

same 

•vercast 

O >>OcQ  >ou>  o V 

JO.-  jo.  1 ( , I 1 1 ] J , J 
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80 
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00 

80 
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same 
dark 
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fog 
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1 Weather. 
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ery  fin 
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1 Nieht.  1 

1 Weather,  I 

fine 
same 
very  fine 
rain 
dark 
same 

same 

very  fine 

snow 

fine 

very  fine 

snow 

fine 

fine 

very  fine 

rain 

same 

clearing 

rain 

rain 

same 

same 

fine 

very  fine 

same 

fine 

same 

overcast 

fine 

overcast 

very  fine 

1 Hygrometer. 

1 1 1 1 1”*  1“  1 1”*  1 1 1 1 1 1"  1 1 1 1 1 n-"  M 1 

0.4 

<t-OOCOOOOieOCS»— ikrtcOiCDOOeOF-i 
GOOOCOTj<OOOOOi5'-(0»(NCXOOO»COCOOO»OT}<»0»0»OM500COO»«50^COCNOOC<t 

34.2 

»»OOOiO<W5»OrHi— it-1— <00— ib-OOOeoOOOOOt-HOCO.— i0500'-hOOO»— 1 
(»eocoTfooooeocN(>»«cMCoo<co5oe<5»o»o»o>o»o»08<5(iocNGoooo*3cs»ooot 

34.6 

1 Barometer. 

t^OO>0<OOOOt-080TfOOOO>»Oi— ir..0^05C0C0<©05C0Cft00<>»C0'Tj<b-O 
0SOO»0000505050i0105t'b-T}<>O05  80  C0C0C0CD'^0t0t00Tj<Tt'r}<»C00G0 

C5000505C5050505050JOi050>050>050050505050i0505010i0050505 

OtCOW<NCNON<NO»Ot<y»Ot<NOtOtO»0<OtO<0»l>«OtOtOt(NCN<NOtCN<NCNOt 

29.659 

a 

o 

0 

1 

*5 

C6 

fine 

rain 

fog 

rain 

dark 

same 

small  rain 
very  fine 
overcast 

same 
fine 
sleet 
very  fine 
rain 
same 
misty 
rain 
same 
rain 
same 

same 

fine 

same 

fog 

fine 

very  fine 

fine 

snow 

haze 

fog 

very  fine 

1 Hygrometer. 

” 1 1 1 - 1 IS”"'*  |||'■||||||r«|^«^|||'^ 

so 

eOt'ClTfCnCC>COOOTf05.-(<5C^<»Tf<Tt<'^Ot5<5(N(NQO»OeOt-t-(350»05— ICO 
TfTj^GOTfCCeOCtO'-tOlCNCXOOOOSOGOOOTftOlOOTj'Ti^GOGOCNOtOtGOOtCOCM 

»o 

CO 

COt^CJSTf'OCOOCOOOSOGOOOi-iOCtCTf'Tt'CNeOOtCStajOGO— lOi— '©<05— <.-< 
■^■<^<CO'<d<Tj<CM350CX©tOC©»5CGOCC8Ceo-<^»0»OtO-<a<Tj<Ti<eo®OC^CC(!OCN80CC 

36.7 

1 Barometer.  ] 

^-^05t~0''!^'^-OCOCOOOSOeCO■^(^»OiOOOOCDOOOCDCOCOOOCCOGO^~<»— 1 
0500O»0t~Oa>CiO00  05  Q0t-»0'<^Q0  00'0*t~CDt~CD(N©tSC'rJ<Tt<Tf<  OTfOO 

0505005050i<3lC505050i050505<350505C5050i0505050(350S05050500i 

C>t<N<»OtCN(MCNCNO»©t©tC>tC?t©t(y»C>tCM(>»©tOt©tCN(N©tCNCN<XCNCMCN©» 

1 

29.650 

1 Morning. 

1 Weather.  | 

overcast 

same 
very  fine 
fine 
dark 
same 
sleet 
clearing 
fine 

overcast 
very  fine 
same 
very  fine 
fine 
same 

same 

rain 

dull 

rain 

same 

fine 

rain 

same 

fine 

same 

same 

same 

dull 

misty 

fog 

fine 

Hygrometer.  | 

^joteowj  jt-r-<f-ieco<r-<j  | j j j j 1*01  j J^®^]  j ( |®® 

'-1 

t~00CCC000t^C00<0C01»CO»O»0(N^t^-Hp-iCCr-i-H<>»(>»— 

Nf'C}*0<5Tf<OOCOGOC>t©t©t'-i(WCM©»GOeOSOU5>0»0-^»OTfCOSOCX(JOOO©tO»0^ 

1 + 

34.4 

Q0  00  N5O5— 't-8001Tj<OX0JC0»C©»'-<b--^— i<50CD^O»0»<Nt'''-'T<<t'kOt^ 
Tt<rJ*00N*<'<!}<30  0OO<<>»e0f-'CO(MCN00G00O>n>O»OTj*»O'«J<eceCt>»90<!O<NOtOt 

35.6 

1 Barometer.  | 

(N--<Xe000t«»0'^XC00»050»C0>005C0»0t»(NC0Tf<C0O— '©»O6C»0X0< 
t>05OC0t~01050505X05Xt~CDNft»C0e0t-C0XC00tC000'^T}'rf»0Tf‘00 

010500505C3^05<3505050505050505050i050101050105OTO>05050i05050> 

OtCMCOO>»(NC>»Ot©tCNCS»(NCMCNCNOtOt(N©tCNCNOtCNCMO»CNCNOtCMOt(>t<N 

29.662 

1819 

December. 

r-i©»COTj<»OCOt^XOiO— <©<00Tj<tCC0t-X05O'-i(N<!0Tf<»0e0t~X05O^ 

O w 0 « O 
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1 _ Nisht.  1 

« 

« 

fog 

rain 

very  fine 
misty 
fine 
rain 

dark 

same 

snow 

same 

dark 

dull 

overcast 

very  fine 

dark 

dull 

snow 

rain 

dull 

snow 

very  fine 

fog 

overcast 

rain 

same 

same 

same 

showers 

fine 

rain 

overcast 

I Hygrometer. 

1 1 1 1 1 1“''  1 1 1 I I”  1 I 1 1 1 1 1 

‘ 

»«b-coi-‘ifl»ooo>oocoeot-i^oco»c«ow5ec<NU5CNCooco>»cDtoot~'rf<oo 

0<9CO>»C^CNOOOt»-iCNO«eOi-ii-<>-H(N(>tOtCCCCCOOICNCCTj<-?}<.»j.T;j.Tj*CO'^Tr 

1 

e<5 

o 

SO 

»0lt-C0^»C»0«0eC00CD<J0O<N>-^00CD0»»00<5IMQ0C^C0000»C0CD^ONt*0C 

CNCOetOtC'IOOCMOtCMOteOOtCNCMCNCMCOGOOOGCCMOtOONf-^'^'^NfTj'Nf'^ 

t- 

00 

1 

V 

S 

2 

0) 

PQ 

e0000<00»0t0M5(M0»'-it'OO'—  CO(X)^(MOOCOCOr^Oh-Tj<C5Tj*Tf<W5COt- 
»OCCO>0500CC»0(»r-itO— <r-<OC0C0»0O0>>-<C0O03t''<^'»0G001Oa)0J 

0s050>0000000050000505ci0s000505005050j05050i00505 

OtCMO»0<GOOCCCOOOOOCO»OOC05CCMOt(MCMCM<NO»<»(NOtCNCMCNCXCOCMCM 

29.798 

Afternoon.  | 

1 Weather.  | 

fog 

rain 

very  fine 
fog 
same 

same 

dull 

fine 

very  fine 
snow 

same 

light  snow, 
mist 
dull 
fine 
mist 
dull 
rain 
dull 
fine 

showers 
very  fine 
fog 

showers 

rain 

same 

very  fine 

dull 

fine 

rain 

^ very  fine 

1 Hygrometer*  ! 

I jNf*c»j  jt-toecj  j j<NQ0jc>tj  j j»-<eocotDjoo 

2.4 

< 

If— i00CO«Q0t^t>CO»CO»O»i— iTfeoCOCOi— iO»tDtOt~CO»OG<> 
OtOOOIO^CMOOOtCNOtCMSC— iCMi-ii-iOtO<50C'<;fCNeOCM50'^*Nt*i^N}*OOGOi^'Nf* 

+ 

30.8 

b-lOOStOiflrfOOCOCOCOiyiiOOOCO^iCOJiMOCtMCfOOOCDf-iOtt-CftCCC^uSCD 

CMCOCMi>IOtOOCN(NOtO»eO(MCM<NOICM5COON}<eceOCMOCN#'->S*rf<Tj<'^Tf»'<i''^J' 

33.2 

j Barometer.  | 

■^ocot-co'^oorH-^Tfoecwsos— 'Oot-c^TfiiotDi^'OO— icoosococoos  — 
NPiOt'OlOOOtrfUSCMt-OOOt-POiOGOOSNfO^OOlt^CDtOiOt-oOlOS 

OS05050iOOOOOOOi000050i0505Q0  05'0100>0>Cr505050500505 
CM(>»CMO<COGO®0(!OeoiJOCN!fi5C»5eO(NCMCNCMO<»CNOtS«50<OtOtC>»0«CNeOOt<N 

29.812 

Morning. 

1 Weather.  | 

very  fine 
mist 
fine 
fog 
mist 
fog 
dull 

very  fine 
little  snow 
fine 
sleet 
clearing 
fine 

light  snow 
fine 
same 
fog 
snow 

mild&damp 
very  fine 
sleet 
very  fine 
fog 
fine 

showers 

rain 

very  fine 
dull 
fine 
rain 

very  fine 

>-<jM5j<-iJO5»Oi-H-Hj00N}<00(Nj  j j(Nrfi-HCCj»/5J  j 

2.1 

X 

s 

o 

u 

K 

0>O»0Tf0St^C0(M>rtTf00t^t-t-O0»0»C3><«ltDTf<0t<!0i!f<Mrf»0CM«0<N<N 

i-i®COtC^i-i(NOICMCMCMCMi-ii-ii-Hi-iOtCCCMNf(MOOCNGOOO'^r)<Tf<T}<CONf*rt< 

28.8 

OOOTf<Ot-<Nt-«0»OQO»Oi— <»0C'»C<0<0i»CO»C»C0C05C>*Nf*r»<»O0»0^ 
CMeCCOW(N<NOOCMCNCM<NCMO»CMf-iCMOOO»'^(»OOCNeOCONf<Tl<rt<'>S*'^T»<Tf 

so 

1 Barometer.  | 

Q0Tf<Q0  00»0CC00(N05f-iO'>tk0C><O»CO0J05O0««00»0S0>t»C0t0050ie« 
ookotoojooi— iTi'toeoosoiO'— it-«ocooooo»o^a50t-t^'^‘0‘ooo>oj 

OS0501050000000i05000S050>OlQ0050505005050>OiOiOOO> 
Ot«<MCMOOGCeOCOCOCCCMCNeCSOCM(Ne<©<«0<0<CMCOOtCNO<CNCMWO»Ot 
+ 1 

29.812 

1820 

January. 

— •0<CCT}<»0«0»'00050'-'0»OOT}'U5COt-000>0— 'CM«CTt<W5tOt-00050  — 
,___^«_^^r-,^O»C^O»O»<N(NCN(NCNCNeC<!0 

w 0 « o 
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Nig^ht.  1 

1 Weather,  j 

very  fine 
dull 
same 

same 

same 

overcast 

same 

same 

rain 

very  fine 

dull 

same 

same 

same 

very  fine 

same 

same 

dull 

little  snow 

dull 

rain 

dull 

overcast 

same 

rain 

fine 

very  fine 

same 

rain 

1 Hygrometer.  j 

M ■»  1 M 1 1 1 M M - M 1 1 1 1 1 - 1 1 

0.5 

1 

kO 

oc 

'^Tt<<«(J0-^»nCD»0r-4C0C0OC0C00500C0^0^(>(W5p-<<>>«r>»0O050iC0 

GOeOGO<!Orf<-^TfTt'«^<CO'<^'<^iCO0OtN(NCX0O0O0O0OTf'<t5O000OCNC>t«O 

35.6 

1 Barometer.  | 

irfC0Tl*05C0C005C35O»00JC0OC0(T3Ort<C001-^CDOOO05e0i-< 

t^00C55050005OOt~C1000505'-'<>»O05O0500C0C0'^Cf0t~O05Q0»0 

05  05  05  C5  05  05  O 0 05  05050505000050050505050505050050505 
CN<NOtO«(NC>»C<5CCO»CNO5(NO5C«5e000(>«GCO»CNO»O)C>5CNCNO5OtCN<N 

29.870 

Afternoon.  j 

Weather.  | 

very  fine 
dull 
same 

same 

rain 

fine 

overcast 

same 
very  fine 
same 
fine 
rain 
fine 
same 
fine 
fog 

very  fine 
fine 
same 

snow 

sleet 

fog 

rain 

same 

same 

same 

fine 

very  fine 

same 

I Barometer  | Hygrometer.  j 

JM5  j,_,o^QO.-i  JQO  — T}<r-<05e00<  J 1 j j j jWOOCOtO 
+ 

00 

00 

Tt<050005<N05liOTf05rt‘— <-<*<^051—  GOO'-0»TfO»CCQ0050t-OCC 
COCCGOCOTtTf-'J'TfTfOO'^rfOOeCCCtWOtOCOOGOOCTfTf'OOGOCOCNCCaC 

+ 

35.6 

O>0-^t~e5t»05OC0t»t0<-H05(>»C0050»00e0©5rt<05t0Q0  05CC»0OQ0 
TtGOGO0OTt<'^Tf'^'^'^'^'«J*rJ<-^GOGCGOCCCCSCCO'^'^GOGOeOGCCO3C 

05 

CO 

— 't~O»Ol0OOTf<U5O'^0005<WOO  05-05  05  05  C00505O05(«t~00Q0 

OOt-05  05  Q00500Q0  05  05C»05r-i(»'-'05  05  05t~»>0'^S<5rf05C500CO 

05050505050500050505050500005050505050505050505050505 

O5O<(N<M<NO5CC00(NO<<>t(N(N0050COO5CNCNCNO»CN(NCN<NO<CXOtO< 

+ 1 

29.865 

Weather,  | 

fine 

fog 

fine 

dull 

overcast 

rain 

dull 

mist 

fine 

rain 

very  fine 
rain 
fine 
same 
dull 

very  fine 
mist 
fine 
same 

snow 

mist 

rain 

same 

rain 

same 

same 

fine 

very  fine 
mist 

i Morning. 

1 !<»«-  1 1 1-  |c  I-  I-  1 1 1 1 |a>«  1 

Barometer.  | Hygromete 

iC75rt<t~W50»000  05CD'rt<05i^tOCCOCSI'—  ‘0*~05<n»OC0005 
CC0OCC<WGOT}<'<^<TtT}<rS<0<5Tj<GO!OCOCQ(N(>tCC0OCOeO'>^0O8O0<5(>»eOC>5 

35.3 

t'05®0-^O’^t^‘O0COO<N0»00C>500O00-^C55CN»i0t^05C0t0>0U505 
GOSOGOGO'^rfTfTfT+'TfTtt'.^  rtGCOCC>»CN«OCCOGOe<5TfGOCO®OCOCO<N 

36.7 

05'rfr->005t~OO»0O0»Ol00»OC0OO05OQ0»0CD05»0C0i— lOt- 
OOt-000500t-00050CiOQ005i— i05'-HOOOOOr-t-  U5G0G000O05t^ 

050505050505000505005050000000505050505050500505 

CNC>»CNCNCNCN5C(!005<N(JOl>»C5<COGOCOGCOOOOCN05(N<NOtCMOilOOCN(N 

29.874 

F-H0tC0-^«5CCit^00  05O'— 'C>5(J0Tf»CC0t~00  05O>-'<N5C'^»OCDh-0005 
_^r-<.-i.^r-.,-,^,-(,.-<,-(C5»CN0<O»CNCNC>»O<CNO» 
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,s 

1 Weather,  | 

dull 

very  fine 
same 
fine 

very  fine 
fine 
sleet 

fine 

very  fine 

same 

same 

dull 

very  fine 

overcast 

same 

very  fine 

sleet 

dull 

same 

very  fine 

showers 

rain 

very  fine 

overcast] 

very  fine 

rain 

same 

overcast 

very  fine 

same 

same 

I Hygrometer, 

t-soeoj^o»^j  j j j j j j j j j»oeo 

1.5 

<-'CCi00i'-iTt<Ci»O>-i>-i»C00t-05'-i00'-i‘n05‘C(3iCDt000(y»C»OO050i'tf 

CO(:N<NCXi>»CNGClCOGCSOCCOO<!0'T}<>000'rf5COtCOGOr}<SOCOOOT}<M5»0'^COTj< 

36.7 

QOOiOOai  vOtOOOO'-*.— I»000)f-05,— iQOO<5000005'^t~ 
COCN(N(NCNOtOOOOCOSCGOCOCCTr*OGO'^COGOCmT**-^'^GO<JOTj<>OW5'^'^'^ 

38.2 

1 Barometer,  j 

•-<CDOC000OC3>tD00a)05C0»0©0(N00GCOC0CC»C50T#<t~CD'rfC005CNf-iC< 
■^’^0505'— I'-HO'— '05»0'rfG0  00'-<0t(NCNCN'-<'-<00»0OQ0‘OC0t-0i0i0^05 

C5Ci05(J5000005050105050000000Cf50>05000>050>0>050505 

CNOtCNOtS<3<WOOOOCNO»C»CNOtGOGOOOGOCCOCOO<N<NOtOtCNO»CMCNO»<NOt 

29.829 

1 Afternoon.  | 

1 Weather.  | 

very  fine 
same 

same 

same 

same 
fine 
sleet 
very  fine 
same 
very  fine 
same 

same 

same 

overcast 
very  fine 
same 
fine 

very  fine 
fine 
same 

same 

same 

same 

light  show, 
very  fine 
light  rain 

showers 

very  fine 

same 

fine 

very  fine 

I 

o 

Sd 

33 

lOQOOGOCDTf'OtqOQOTfOJ-^OS'-'t-Tf.-iCO  ' 

+ 

9.7 

oor~GCioi'-'»oooTf.-H»/5corj*.-i^,-itocooot^b-occo>~eotf5000(>»'!t<b- 

00(>tOt50'-iOtCCC>»BCOCO<3CO<!0»0»OTj<T^04GOCOGOOOGOOOO»rJ<tOTi<»OkOO(5 

1 + 

to 

eo 

0<  M5  C<G0W500C«.-HQ0CN00CC0505O»0'5#‘«D00OO00C0»Crt<t0050500 

45.9 

1 Barometer.  I 

,-(G<DCOO(50CD(50rf>-ieO'->COQOt^OOTj'tO>-i<-<«CeO— tOSt^eCOO^-^OiOOQO 
iOi-tb-OOr-tOO— iOtD»OCCCOO>-'<>»-'CN>-H.-'OJt-OQOOOCOt»050500QO 

0305050>00  0 00050SOO)00000000505ClQ005050>05050iO> 
0<0»CNO<GOGOC<5GOCC<X(NC>»©*MCO«vGOGCCOt!0<NO«0<0»<NOtC^O»0»Ot(X 

1 

29.799 

1 Morning.  I 

Weather. 

very  fine 
snow 
very  fine 
same 

same 
dull 
fine 
same 
very  fine 
fine 

very  fine 
fine 

very  fine 
fine 
same 
dull 

showers 
very  fine 
dull 
fine 
same 
very  fine 
fine 
same 
very  fine 
fine 

light  show, 
fine 
same 

same 

same 

Hygrometer.  I 

Ot»t0Q005CDTj<T#''^Tf*0»'-'«0ect-0»0<«0W>Tj*O0»t~0»0<»0Tj*tD>-i000 

6.7 

ccoot-t^rt<t^i-i(>»(N<y»cot-05»rti-itDo»«o^-»o»oioe<toooo>o>0500« 

COO<Ot(NOtO»<NOOOCGCGO<JCG«5'^»OT)'Tf<CceOCCGOGOrfOOC*5CCT)*Tj'rfTf'^ 

36.5 

CCUSOOiOOCGOwrjCOCOtDOOQOW^OOOOQOTfOICNOJlOb-OlQOOJinOCiOtnOCO 

T^<COCOGCOOOOGOGOG«^<^OGOGCrJ<T)<»OT}<TJ<TJ^'T^<OOT}*T}^T^Tf•^T}•»0»0»0»OW5 

43.2 

{ Barometer.  I 

a)O0C>-^'>»C»05t0050ir~OtD— 'OSOSCDCDTftDCO'^OC^— 
TtOtOOi'—OO^Ob-  »OTJ<U30"-^0»  — <N— ■•-'Ot~500<NCD»~0500005 

0505050iOOOOOCJ50305050000000005CT505050505050050> 
CNCN(XCMOOGO<50GOCCO>040»OtGOOO  eCCOOOGCCNCNOtCNOtOtCNCOCNOI 

29.826 

1820 

March. 

i-'0»0CT}<iCC0t-000>O’-'<N<r0'^>0C0r'0005O^O»00rf»Ct0t-00  05O^ 
— '-<'-<.-i^.-HrtC^CMOJO<(NO»CNCM<X(?»OCOO 

« 0 « o 

Means  ’ 
1 

METEOROLOGICAL  JOURNAL 


405 


406 


METEOROLOGICAL  JOURNAL 


1 Night.  * 1 

1 Weather. 

dull 

same 

fine 

very  fine 
fine 

very  fine 
same 

rain 

very  fine 

dull 

rain 

dull 

rain 

same 

very  fine 

same 

same 

same 

same 

same 

same 

same 

same 

same 

same 

overcast 

dull 

very  fine 

overcast 

very  fine 

1 Hygrometer 

2.9 

OOb-00(MTt<r~Tj*Q0Q00000Q0«0(3iO—  00CD<»05(SCi-iO<M<«W5(»Tj<e0 
»OtONfOOTf<GCOCTj<GC-<!rNf<'^'^'7f<CC»OtO'e<NfTf'rf-^'^Tr'^N}<CCCO-^CQ 

43.2 

0'-ir»toocor~Tt<oooooooooco(«^ocooTt*ooo5r~cD»OT+<t-05oooTt* 

46.1 

j Barometer.  | 

r^c«0'e'r^cotG)o-e'05<NcxTfooo5(wo^coooQO<«oo'e<cMcc>— iGo— ib- 
0'-iCMO;r~Tf<tOCM»Or}<tOOQOt~OGOOOr-<F-<(NOCtOtOlOGC<0050— '0» 

0000ic501050505050300505000000000000105000 

OCGOeOCN<Niy»CM<NOtCM<NGOCNO»005(5GOeoCOGOGOGCCOOCCOCSt(MGOGOOO 

1 + 

100*08 

Afternoon.  ] 

Weather.  ! 

overcast  1 
dull 
same 
fine 

very  fine 
showers  ' 
fine 

showers 
light  show, 
rain 

showers 

rain 

same 

same 
very  fine 
same 

same 

same 

same 

same 

same 

same 

same 

same 

same 

overcast 

same 

very  fine 

overcast 

very  fine 

Hygrometer.  | 

OOOt-Ci'-iCO»OOOV5  |Tfi:C»-i.->kO— iCCr-<t-.<0500®C090CO(y»05  00  00GC 

.-H  CN  I-||  ._.-(_rHCN— 

+ 

12.2 

oocoeo.— i<»cD>-irMcoo:t-io50i05i-'05o*— •coooTf'TfTt'ONj-Tfeooooeo 

r}<»0»OlOTj<Nf<'^Nt*CCNf»Ort<Nf'^N}'Tt<W5tONf'<^<NfNf'^C<5W'^GOCIOTj'Gi5 

44.3 

tDC<500-fO>COOi-H05tO»COOCOi--i»0(?<t-0»O^OOOi»OCOC».-iOOCD 

IO«C0C0C0Nl'Tt<Tj<»0'<^'»0»C»0»0IOCC>C0CC>C0CDC0CC)<X'C0tf)»0Tj<>0>0‘0 

56.5 

Barometer.  I 

(MO'-itDOOCOTfOONfOir-Hb-Otlit^  (NS0t0t~<»C500»0i-H05O00.-iOC<» 
0'-iO»05b-Tf‘OTfTfNrCOOOOCOC»OISOr-(.-(CXo*GCTf»OSOQOOOO'-'CM 

OOOOT010505<3105050505005050000000000C505000 

CCGOGOOtOtOJCNCNCMCMOtCNCCCNCNGOeOOCCOOOGOGOGOOOGOCNCNGCOOCO 

29.983 

Morning. 

Weather.  | 

overcast 

dull 

same 

fine 

same 

rain 

fine 

same 

showers 

dull 

same 

dull 

same 

same 
very  fine 
same 

same 

same 

same 

same 

same 

same 

same 

same 

same 

same 

showers 

fine 

very  fine 
showers 

Hygrometer.  | 

O580t»OICMO<— 1— <CH— 'Tf'OO— i«0<-i»CtO»CWOOO  j MQ005 

9.6 

+ • 1 

43.9 

.-tl0O0«00»^«000(N05OO05O»0(X)rf<000<^050i00t/5(N'>^<»O‘0CD 

»0»0C0»0»0'^'^Tf'Nrrf'»0»0'^»0>0»0<0‘0C0C0t0M5t0tC»0O'^t0»0»0 

53.6 

1 Barometer.  | 

CDO'-<Tt*»n05(NTH»~'>?'CMC35— <05— 'OCDCMOCftOOW50500O'-<— <OQ0 

O— iCMOOONftnTfCOlOCOOOOt'OOTfGCOtCM— iGC»O'<i'-<S<00— it^O— 1— 1 

00000505050505050505005050000000000005000 

COOOCOeOOtCNCNOtOtCNOtOtGOCNOlGCCOCCOCOOOOOOCOGCCCOOOteOGOGO 

30.011 

1820 

April. 

f-<e^WNt<t0<0t~00  05O-^CM00«^'»0C0t-0005O— iCMe0Nj<»0C0b-Q005O 

— 1— <CMCNOtCNCN(NCN<NOJ<NCC 
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NE 

W 
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I Temperature.  j 

1 -P^H 

>— 'lOlMTff—  r»»0^G0C0O(S0»nTt<»001<33t'>— 'ir5COCOCO<5OO5(»CO(X)rt<Q0 
Tf'<G<OOGOTf<CMl»"<J<CM'^Tf'G<TfGOGOGOGOGO'<G’GOGOGOGO<SO(MGOGOCMGO<M 

1 

35.9 

fl 

c« 

e 

§ 

Tt*CT>COb-HG<00'-HC31COCDCOC£l(350GOrt<GO»n^— 10>0<»^-— i(»CO.-HCO 
Tf'^OOGOTtGOGO'^CMrf'^'^'^GOTt'Tf'^Tti-^Tj^HGiCOHGtGOGO'^GOGO'^GO 

1 

40.2 

Max. 

(?5'<G'GOOCOCM'OCMCM0505<SOOOt~(SOt-COt^-!G*t~GO  (MT(<THt-t~G0.-HO3 
tOCOCO(X)CO»0»0»0»OTGH»o»0‘0»0>nCOCCiCOCOCOC£SCDCOCO<X)COTt<»OCO»0 

+ 

1 59.1 

1820 

April. 

>-H<MG0-!f»0C0t-0003O— ‘CM(30'?G'»OtOt»(X)(350'-'CMGOrt<>OCOt-<iOaiO 

r-,rHr-.i-(.-Hr-<r-ii-Hf-Hi-*(MCMCMCMCMCMCMCMCMCM(SO 
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1 

Weather.  | 

very  fine 
dull 
same 

same 
very  fine 
showers 

dull 

showers 

very  fine 

fine 

very  fine 

fine 

same 

same 

rain 

same 

dull 

rain 

very  fine 

same 

fine 

very  fine 

same 

dull 

same 

showers 

showers 

rain 

fine 

dull 

very  fine 

Hygrometer.  | 

»Ot-»0»OOOGCO|Ot>-<*Oj  jCS»jiO»OCCtOTj<000»--H>OP-.Tl<OOCO 

80 

47.5 

C000»00»OO0CTt*^0<5^0C000<Tt*0»GCO<— '500<05a5Q0OtD(ytCS»C0r-i»0 

Tf<^'^Tj<'^rt*»0»0>0IO»0>0»0»0»C»r5k0»C»0»0»0»C»C»0»0»0»0‘0Tt'>0rJ< 

, 50.9 

1 Barometer.  | 

OOTt<eOCD001r-OTt<t~00-HQOC^Tf'0»>-<OOit'005CDO»Tt<0050000<y<.— 1 
C0>-'O0000CDt-CD«D05OOQ000»>t^C0CNa55CCNi-i0>00(»t~t0»0'^<Tf»0 

000c3i0>(35056505d000i0501<350i05<3>0000i050505050505050j 

OOOOCO<y»<NOt<>*C>*Ot(»eCOOOtCS»0<0»(N(X(NCO<!OCCO<C«CNCNCNCNC!^CNO>t 

29.821 

Afternoon.  | 

Weather.  | 

very  fine 
fine 
dull 
fine 
same 

overcast 
very  fine 
showers 
very  fine 
light  show, 
very  fine 
same 
showers 
overcast 
very  fine 
showers 
very  fine 
showers 
very  fine 
fine 
same 
very  fine 
same 

same 

showers 

same 

same 

rain 

hail&thund. 

light  show. 

showers 

Hygrometer.  | 

<=CDt~00O<>-<'^O>Q0— <OO»0t-<NTf01Tf*Q00<t~'-i»0t000^-rfM5GC»00^ 
r-.<NCN^  !-•— ii-i  .-.1— 1 

rJ* 

co.-<(jo»no05'— '6c»no»»o*-»oooT#<t'»oo»cO'«*Gocoi^T)<Tf*(»o,-iOoooo 
(JCT}<-^C0G0CC'<!ti»OTi<kOTfrt<>OTt«Tf-^-^‘O'<^<»O»O»O»O»O»o»O»O»O>OTj<Tj* 

1 

47.7 

CDt'OCOC^O'OCNWeClOt-OOtO'-'TfCOTfCDOt'OtOlt-OlOSCOOOOOO 

»0U?»O»O»0<X>«D<X)«0<Xi<X)C0<©«0CD«DCD»Ot0C0lt^t't~t~»0»C»0»0»O»OiX) 

61.5 

i 

Barometer.  | 

COOOQOOOOlOOOlb-QOCOO^OC^OO^CCCO— i»OOQO*^COOeOCDC>tr-ir-,CO 
'ec^!^C»Q0^-C0^DCDQ005O05Q0Q0»>»>'--l000^00.-l05000000>CC0T^^T^«T^* 

O000j0i0505050i050500505050>05<350500005<3505050505050505 

WWOTCXCN<NO>»(NCN<NC^<»CM©t(>»0»<N<NCNGOeOGOOt(>tOt<N(N<NCN<NOt 

+ 1 

29.826 

Morning.  | 

Weather.  || 

very  fine 
fine 
dull 

very  fine 
. fine 
very  fine 
same 
fine 
same 
very  fine 
fine 
same 
dull 
fine 

very  fine 
showers 
fine 
rain 

very  fine 
fine 
same 
very  fine 
same 

same 

fine 

overcast 

showers 

overcast 

same 

same 

hail 

Hygrometer.  | 

U^CO<!C«D'-.0<050><»0»OCDt-<NO*0«0  I 0<(NO<»OC«^ioeoeC^TfCOTf* 
r-«  Ot  CM-i-*  .-lOti-f'-l  •-ie<  rl 

00 

.-i(Mcy>eoor-ocGO— looocoecoct-eoo'-'t-cooooif-oosct'otoowwo^ 

Tf'^'^e0GCWTj<M5‘O’^>OTf>O»OTf*»OTt<»OTf»O‘C»C»O^»OTf<W5Tt'Tj<rf'>!}< 

47.4 

eom»nc?l.— tCT)CNC>»'!+<00‘'^‘0O»0t~Q0‘00<01000<Q00105Q0O‘005t~‘f5C0 

5oS^5»oSSStoco<ocDcoco<D»oco»nco«5co«ococD»c«o>o»o*o«5»o 

60.5 

Barometer.  | 

GCO»i2oiQOGOCD^-COXOiOCiOOQOl^t^COt^'— 'C0i-HOQ0Q0CX)t^CC)'r}<'^'^ 
f->QOCnOi(35C350l050505005050505050505000005a505050505CJ5«> 
OTWW0<^^O<O<CMO)O»eO(>tCMO^CNCNCNC^e050SC00<NCM<NOt0<(NCN(X 

29.844 

1820 

May. 
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1 Nisht.  1 

1 Weather,  I 

overcast 

fine 

overcast 

same 

rain 

fine 

same 

dull 

same 

very  fine 

rain 

very  fine 

rain 

same 

very  fine 

fine 

same 

dull 

same 

showers 

very  fine 

fine 

very  fine 

same  ' 

same 

same 

same 

same 

rain 

overcast 

1 Hygroraetev.  | 

00S0Tfe0S0T»*»O00(J0»C  jeo  JCOO<Tf<"<;fOOJO»r-<r-iW5t»OQOO<t-  |0O 

3.8 

»Orf»0»O»0'^>0«5»0tOC0t0«C>tC)QO»0»O 

52.2 

^OOQOO^C:>OQOOOOO'— •C?00:>00Q0t-<?0'r«C^Oi0000CCJiCi0iQ0W5 

56.2 

j Barometer.  | 

Tff-iCSOJOOGCOOt^OOlOCMCOCOTfOQOlOlCCt^OOOJGOMCCT^*^^*!^^©} 
CDt'-000500--<O00t'b-tD0505OO05O0i  00  00O>-<CNGCTt*'<S*G0CMOO 

00ic)0^05000505cftc>0505000500>0500000000000 

CNCNCNCMCNOCGOCNCM©»C>»CMCNGOCOCMeoo»C>»CMOOeOeOGOeCeOCOe<5GCOO 

30.001 

Afternoon. 

Weather.  | 

fine 

showers 

rain 

fine 

same 

rain 

dull 

showers 

same 

same 

rain 

fine 

thund.storm 
dull 
same 
fine 
same 
dull 
same 
showers 
very  fine 
same 

same 

same 

same 

same 

same 

same 

same 

overcast 

1 Hygrometer.  | 

t-oo-^co^  j^otoo5(y»ec^ot-cocooo>o«Do»cO'^o>oo>eoooo« 

CD 

00<NW5.-iCOCD»C»Of-<CXOCOOSO»>-i.-iO>00»OT*<b-GC»0»^OOTf<eOO 

T}'iC»OTj<»fl»OTf<kOlOrf«5‘0»0'rfir5>0»OTf<'<S*»C>0»OCCiCOCOt^it'COtC>«0 

1 + 

54.5 

t~00CD'-(i:OCO'-'‘O  — O-^GOt-OSOSt-t-t^GOi— iCO>O)t~Tt<r-O5<J0r}<.-iC>» 
kOlOiOlOCOlOCOCOCOCOlOCOlOlOWitOCOCOtOCOeOt^t-QOOOOOQOQOlt^CO 

66.2 

1 Barometer  | 

O‘0-^»n.-iCS»l0^Tf<05  0»»0— HO»CC05-H»CO<N<3500C»OeOCOTt»<0-<^ 
<X)C0Q0C35OOO05»:~»:'CDQ001i-<0JaiOO00a005'-'CMCNTj<'^-<i<(MO05 

0^05050i000050^0505050c)0>0500050>050c0000000s 

(NO»CNCMSOGOG<5CNO<CMlMCNC>teocMCMOCGOOI(NO<CCOOCCGCOOG<3COCCCN 

1 -h 

29.994 

I Morning. 

Hygrometer.  ] Weather.  | 

showers 

fine 

rain 

fine 

dull 

rain 

overcast 

same 

same 

same 

same 

fine 

same 

dull 

same 

fine 

same 

overcast 

same 

rain 

very  fine 
mist 
very  fine 
same 

same 

same 

same 

same 

same 

showers 

Q00»CM00OCM<N05‘CC0OC0t-N)<CDCN0CtD0^W5CM«005rt-k0T}>C000»0GC 

9.4 

OOTt<OOIWcOOr^ffC»Ot-  0C0^.-tOTt<05<35C0i— i<-iOCOt~OC^t^COt^OO» 
Tf<Tj<Tt<'qf*-7f'U5Tf‘0‘0-^-^»0k0lO»0Tf<Tf-^l0»O»0»C‘0C0C0C0t0C0CC>CC> 

52.8 

OCOO-^COCS>(35(»OSOCOQOQOTt<0— 'CMCNCOCOOtCXCD'sJ’r-.— 105»0»0»0 
lO‘O»O»O‘O»O»OtOt£>COW5»O»O»OCOCO?OCOCOlOCOCOCOt»t»Q0t~00tOtO 

62.2 

I Barometer,  j 

OCS>O»fl'-^Q000t^OTh-CDQ0'^0500— i-H,-iC35r^CN0SOl^OT#<Tj<<»0505 
tOCDQOOiOOOOOiOOt^CDr^O— lOOOO  — 

0105C50^0C500>^3^05050i0500i000050505000000000i 

(NCNCMCNeOCMOOC^CNCMCNCNCNOCCNGOOOCOOtCNC'tOOOOCOCOCOCCCOeOOt 

29.995 

1820 

June. 

•-'CMe0T}-k0C0*~0005O'-'(NSC-^»0C0t~00<35O-H0»e0-t»0CDt-0005O 

,Otc^C>»cXc^O»O»C»O»CM0C 
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1 Night.  1 

1 Weather*  j 

fine 

clearing 

overcast 

same 
very  fine 
fine 
same 
dull 

same 

very  fine 

same 

dull 

J same 

dropsof  rain 

very  fine 

overcast 

very  fine 

dull 

fine 

showers 

overcast 

same 

fine 

same 

same 

very  fine 

same 

fine 

very  fine 

thund. storm 

fine 

t 

1 Hygrometer. 

05 

<N 

t'05»n-H00TfO00»0.-i'i^»0O»»-HOW5Q0r-01<-iOCN»C005— lOOOO'^ttD 
T}‘Tj<iOtCTj'»C»/5TfiO>0»OtO»OCOtD<C'>0*Ct<5COCO»0»OiO»OtOtOtOtOtOtO 

55.9 

eco»»orj«i-H»o»o»o»~»ftCDt->ocxi— i«D(35t-050<o»oor-Tt'r~o»o»Tj<t'Coo» 
iO>0‘0>C»i?»0»0i0>0»0»0»0»0'X>C05f)M5»0»0tDC0»0>0C0>OC0t0tC>CDCC>t- 

58.9 

1 Barometer,  | 

OC0r-(»0Tf'«00>0>tD0J«CD>0C^e0C><0tr-<F-<.—  Tt*t-C00iTf<Q00<b-e0O05 
CC0050f-Hi-H.-Hr-H.-<OOOOOOC5500>»OTt<C00005a500505000— '0500 

OOOJOOOOOOOOOSOOlOOiOSOiOSOiOiOSO'JSOiOOOOOJOi 

GO<!0(NGOCCOCCCOOeCOOGCC<(N<>»OCO»<>tCN<NO<<NCNOC(XCMC<5<!OCOOCCNCN 

+ 

29.972 

Afternoon.  | 

u 

A 

fine 

rain 

showers 

fine 

dull 

fine 

same 

same 

same 

same 

haze 

overcast 

same 

fine 

same 

thund.storm 

rain 

same 

same 

thund.storm 

shower 

overcast 

fine 

same 

same 
very  fine 
same 

same 

same 

heavy 

fine 

Hygrometer.  | 

G00)e0^050p^0^t'^^0i0003000  j j jr-.tQOO»Oi®OWTtOC0005eCt- 

9.7 

0iQ0t~O05<»C»t-V5rs»»r5»nG<505S0t^CCi©l— iOO(M'^'-HO<t»F-i.-HO>0»r}* 
w;  iO'^rf'lO»OTt<r(?iO»0»OW5‘OCOtDCDtDCDCDtC»0»OCC'»OtOiX)«£>>CCOCO 

1 4- 

56.8 

(»ooooO(MTt-cics>'^to^'—oocc»ocoiy»'-<i-HQO'e'ecTfic— >Tt'Tfoov5.-H 
COCO'XlCDiOtOCDWiCOCOCOtDtDCOt-t'tOCDCCt'tO'XiCOIC^COt-t-t-t^t'OO 

66.6 

1 Barometer.  | 

000505r-ir-(TrCDt-»r5O'-H00Tf<OOC0iX>05'-#<0<.-it-O'-'r-<^.^e0(SCt^O 
CMOCOO'-''-''-i— i.-i.-i0000005005‘cw»0t-05a50005000r-<005 

000500000000CD05(350050i050505050500050000005 
0<300CNSCCCG0<W00e00CG0CN(MCM0OC^(>tOt0>tCM(NO»00  00O»C<5GCCOCOe0(N 

1 

29.964 

1 Morning.  j| 

u 

I 

very  fine 
fine 

showers 
fine 
same 
very  fine 
fine 
same 

same 

overcast 

fine 

very  fine 
dull 
fine 

overcast 
dark 
rain 
same 
very  fine 
same 

overcast 
very  fine 
fine 
same 
very  fine 
same 

same 

same 

fine 

very  fine 
fine 

Hygrometer.  | 

T!<Oa5C5CO(X)i-005'-'50t-t'00‘CO«-H  j05000QOC005Tl<0'— 

CO 

05 

OO^lOrfl^OiMt-^OOOOJlMCOtO^i— 

Tti«5lOif5Tt‘u:i»C'^>n»OtOtO»0»0<r'COCOCOCDCOCD»OtCtOW5»O^OtC!COCCltO 

55.4 

.-irsiO'-ioQoo^ooo— i»no»r-ixc»o(y»o0'— 050000001005— — eo(N 
COtDCOCD«OM510»OCCtOCCCOCCCCCOt~CDtC>CDt»CDt-»OCOtC>t-t~t-t^t^t- 

65.1 

1 Barometer.  I 

r-i050t-C>tt-G00005Tf<OCOGOt^t^05CDO»ftCi(35t»OCOO>OCOt-0<MO 
CN--iOO>— ''-H— II-*— I'-'OOOOOOiOSOJ'^TfCOQOOSOOOSOOOr-.i-iOS 

0000500000000i030ia>0s05a5350i050>00c3i0000005 

GCGCCO(>»<SCGOC05COOCOt»<MC>tCJ<<NC><CNCM(NO»lXOtCCOCOtOOCCGCCOeOCN 

29.987 

i 

1820  ' 

July. 

r-.0)50'<J'OCOt~QOC50'-'CS>CC'^»OCOt^OOOiO'-'CNGCrJ<tOCOt»QOOSOi-' 

— 1— i>-ii-Hr-iF-r-ii-(CNCN«0»(NC«(MCNCSt©<<!OGC 
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48.4 
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3 

V5 
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A 
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© 

e 
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1 
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Night.  1 

Weather.  | 

very  fine 
dull 
same 
showers 
rain 

showers 

fine 

dull 

very  fine 

fine 

very  fine 

same 

same 

same 

dull 

showers 

very  fine 

fine 

very  fine 

same 

rain 

fine 

same 

very  fine 

rain 

fine 

rain 
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overcast 

fine 

very  fine 
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.-i(SCC0O050>«0r-i00G0TfeC00t0»C00O05— <»Ct-C5Tr— 'C 
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1 Weather.  | 
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very  fine 
dull 

overcast 
very  fine 
rain 
fine 
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same 

same 

same 

same 

same 
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fine 

overcast 
very  fine 
fine 

thunder 
very  fine 
rain 

overcast 

same 
very  fine 
dull 
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fine 

very  fine 
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Ni^ht.  1 

5 

very  fine 
same 

same 

rain 

very  fine 
same 
dull 
mist 

dull 

same 

same 

very  fine 

dull 

rain 

fine 

dull 

very  fine 

dull 

rain 

fine 

very  fine 

dull 

rain 

lunar  bow 

fine 

same 

dull 

fine 

very  fine 

same 

fine 

Hygrometer.  j 

F-tOtCNjlWj  j JrOGO(«T}<>-ijGO»r50Oj  | | | J jCMOtCNCC— 

W5 

.^rs»^,_.»Ct»OOOOCCO»CtD'^©»CC)SOCS<t~OOOCCOOC»00(Nt'i-i«DeOO‘^ 

43.5 

»0rt*0C<-iCl0t-00O00CT)C0O»0(N0500‘0t-00!W«0e0l0<NTf0Jrt<l^rf<O‘0 

>c 

1 Barometer,  j 
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Afternoon.  j 

Weather.  jj 

very  fine 
same 

same 

same 

same 

fine 

very  fine 
same 
fine 
dull 
same 
very  fine 
fine 
dull 

clearing 
very  fine 
fine 

very  fine 
same 
hail 
fine 
rain 

clearing 

rain 

fine 

showers 

same 

rain 

same 

very  fine 

same 
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1 Morning.  11 

j Hygrometer.  j Weather.  || 
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1 same 

same 

same 
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same 
fine 
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dull 
same 
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dull 
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rain 

showers 

stormy 

fine 

very  fine 
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rain 
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0005»090CNTf*CC»OtO»C»0<X)CCa5'-H»0'^CDQO»OCO>-Ht-COGC-rf‘CSo'j  J <-* 

Tl* 

COOCCOtCr— 1— i.-iO‘rttD»CC35^0t-OCt-0»CS»'«^r— i>COC>CGOOtDCN»C(?tTf‘ 

00 

Tf 

'!fcyt'-^05e(3kct-»c— <^o»OT?<a)OOoo^ooooi'^coO'-HCOTt<>-iiIokoo»»o 

»0‘0‘Orl'»0»OiO»0»0»0»OTfT}*'<S<»OTj<»OT(*»OTj<rfTf'>OtOTf'Tj'»OT}*Tj‘Tj«T?' 

49.3 

a 

o 

C! 

ca 

OlCOirjt-OCOOJ'-Ht-aS'— ‘OOGCOO  »OGCOOCDO'-‘WCNr- i0500GC»»00'-<0» 
>-HTf»0»0TfCMCNCNCNi-HOOOt'C?<0)0505S005Tj<O'-i00O00O'X>»CtD»0 

00000000000000505050000  Cr)000>C35oiQOOi050>0500»05 
C<3COeceCCOeOGOGCGOCCOOCCCOCNCN(?tCN(N(NO»CNOtC>»C>tCNCMO»0<0<0<0< 

U3 

t- 

to 

05 

(N 

1820 

Octobar. 
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1 Weather#  I 

fine 

very  fine 
same 

same 

rain 

dull 

same 

same 

same 

same 

very  fine 

dull 

fine 

sleet 

very  fine 

same 

rain 

dense  fog 

very  fine 

overcast 

very  fine 

overcast 

very  fine 

dull 

rain 

fine 

very  fine 

dull 

same 

very  fine 
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39.9 
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aiO(3S05C5505050501000505050505050>005C3i05C350i05050000 

CStCCCNC^CNOtCNOtCNOCGCCNO^O^CNO^C^O^SOCMOtCNCNCNCNCNSOGOSCOO 

1 Weather.  1 
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very  fine 
same 
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rain 

overcast 

same 

same 
very  fine 
saine 
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dull 
rain 
sleet 
hail 
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sleet 
fog 
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rain 
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rain 
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fog 
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dull 
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1 Weather.  j 
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very  fine 
same 
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dull 
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same 

fog 
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same 

very  fine 
dull 
rain 
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sleet 
fog 
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mist 

overcast 
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fog 
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dull 
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j Barometer. 
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Night. 

j Weather.  | 

dull 

very  fine 
dull 
same 
rain 
dull 
same 

same 

fine 

very  fine 

rain 

same 

fine 

very  fine 

fine 

snow 

i rain 
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! rain 

I same 

very  fine 

rain 

same 

dull 

very  fine 

dull 
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same 
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[ Hygrometer. 
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00 

o 

1 Barometer.  | 

»C»-iCMOOOOGOt>I50'!l»05Tf<OOOOTf.-4CCCSttO»OTrOOOOOCOOt~C9tOO 
0'-<00050'-40»— 'O500CD000000»OO5'-i0O<-'— iO0500Q0Q0a>05O050> 

00000)00000>0^0^05050i05050000005050^00505  05  05Cr5 
eOCCOC(SCO^GOOO®OGOCNCMOtOtCM<NCNWCOCCffOSOOOCM<M(>tC>»CMCNO»CNCX 

29.965 

Afternoon. 

1 Weather,  j 

dull 
fine 
rain 
fine 
same 
rain 
fine 
same 
very  fine 
rain 
same 

same 

same 
very  fine 
same 

snow 
dense  fog 
dull 
rain 
same 
fine 
same 
rain 
dull 
same 

same 

same 

very  fine 

, dull 

same 

very  fine 

1 Hygrometer.  | 

to  00  ^ rfjyi  j j jo<c>»|  j j j j j 1 |»oeoeo»ot-05»-o> 

+ 

2.3 

t-05»0(»ooc^cs»cor-ieceoo»<Mo*oooocoo5  00  0itoo»oooo5t-oca>-^oo 
<»ecTj*Ti«»c»o»o»OTr»o»o‘o»oeoeoGcoo'^-«j'rf'^ri<-TtsooicNo»cN— tcN— 1 

+ 

40.0 

e00»«0CM0»C>e0C000'-<WC0(NT»<rfQ0  00  <00J  00  05M50»‘0»-H0I(NOQ0Q0»~ 
■»5<rJ*Tj*tOtO»0*0»0'^»C»t5tO‘OCCOOCOGOTf'^'^'T)*TfT}<OClGOOOGCOOOt<N<?» 

42.3 

1 Barometer. 

05CO(JC(NGOOOOOO<50Tt*OSOCWOa>CMOO<N«3W5-tOO»r>CC.-iOiO(M'<!f05 
O05OOC»OOCM>-<0i00C0t-t-00C0t^i-i0iCM.-ir-<0l  00  00  Q0000i050500 

O0000i0000050505050i050505000000505010i05050>c3>05 

GO(>»CCCCO<<»CCCCOO<NOIO<CNO»CMWCNGOGCGCeOOOOtO<OtCNOICNO»(NO< 

29.948 

Morning. 

Weather.  | 

dull 

same 

same 

fine 

same 

rain 

fine 

same 

same 

rain 

same 

same 
i same 

very  fine 
same 

1 dull 

dense  fog 
dull 
same 
fog 
fine 
mist 
very  fine 
dull 
same 

same 

same 
very  fine 
dull 
same 
fine 

1 Hygrometer.  j 

j J°^|  1 1 1 ®<j  j j J 

t- 

0505r-it£iCD«DOI>-'«OOCSt>-iOMSCOOlL(t)(Mt^O»CDQOOTt<050t^CDOOOCS> 

eC(!CTf'^Tf'rf'»C»0-^»OtO‘0»000<!CCNOOTr'^Nfrt'OCrt<OOC>tGCO»OI"CNO> 

1 

38.6 

I 

(350>-''-'OCOO<'-hO>OCM  — 0'T#'CDO»0(yth-(N05000Tf<— 

GOTfTt‘»O»OTt*M5«5Tr»O»O‘OM5(»0OC00CTt<'>^<Tj<'.^6<5Tj<0CGCCOCC(M5CNCN<>» 

40.4 

1 Barometer.  | 

OOtOSCCM— <Q0  00  Q0O‘00505CDOO'— 't''^O<M0<»0t-t»CC0505Or-«/500 
■— '05'— 'OCOOO'— 'C^OQOtOlOtOOSif-tOOCNOO'— '0500QOt-0005050505 

Ol350005000000>0505(3505C350500000C350J0505050>05a305 

CCO»<«>SC<M0C0C00CCC0(NCM<N<NCi|OtCM®CeCC*50O0COtCM(NCNC>»CMCMCN(N 

1 + 

29.952 

1820 

December. 

i-'O^OO'^tOCOt^QOOSO-^C^W'^tOCDI^OOOJO— <CNG0T«»OC0t^000>O^ 
.^F-i.-(p-<.-ir-.CMO»(NCN<NO»CMO»CNCMOOCC 

0 ^ o « 

1 Means 
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Rain. 

»C  CO  00»00  OlT+<*CO10O  T)<C« 

•-H  .-1  o<»o.-.  0<-i000  00 

0 0 odd  doooo  dd 

1.59 

ns 

a 

1 Force* 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .fl  1 1 

55  d T3  d ..a  T3  x!  d T3  ^ ^ ^ '3  55  .2  "'2  ^ ^ 'S  55  d ^ d .a  ^ ^ ^ ^ d 125 

1 Direction,  j 

NW 

W 

s w 

w 

sw 

w 

NE 

E 

SE 

S 

W 

N 

NE 

E 

NE 

Temperature.  | 

1 

00CS»'-'»0iCM500Q0»C)C-010l0000T*<00(>»O01'-<Tf*CDC0OWlt»t-»0C0CSI01 
eOGO''j4Tti4^Tti4!}.4^-.^4^4^irJ«Tj<ojO}.  CMOOTtOCrJ'COGOCOCOC^OICXWC^OJ'-' 

1 

35.8 

dan.  1 

Tf»Or-i»CQ00»‘00<.-HC0Tt<-^0»C)0>0k00»t-OOOrf'-^>0(N0<50e0Q001C« 

T}<Tf<io>O»O>O‘O>C»OW5»O>O»OCOC0C0rt<'<^»O‘O»O-^''tCOC0CO00C0<y»(NCO 

+ 

Tf 

fl 

§ 

OlkC.-.OOCOWlOlCOCDOOlOlTfO^Ol'-i^tNCMOlCDOlTfr-.osoOt-CDTf''^* 
COGO''i'''}<xJ'Tj'4^TG4T}'»O'^rt'rfC'5C<ie0COTf’'J<TG4G0  00  ®000O«COCOCMC<«CS«0< 

1 

37.7 

cS 

s 

S0C0r-HTtiTt<0<U0<N4-4C0Tj*rf0<t»0‘00<Ot-OOOC?»G0»001'^4-<<N0000O 

T}*r}<»0»0»0»C>0>0»0»OW5»0»OGOGOGOT}<4^»0‘OlO-'tr}'OOCOOOOOGOO<0<GO 

+ 

43.1 

i 

1820 

December. 

r-4C<C0Tf<»0C0t-X01O>-40»C0Tj»»0iC0t~t»01O>-'CMa0Tf<»CC0l>Q001O>-i 
1— K,-_r-«.-4.-irt0^tN(NCNO»O<<NC<O^WC0C0 
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Night. 

Weather.  ] 

overcast 

dull 

same 

same 

thaw 

fog 

same 

same 

same 

rain 

same 

fine 

rain 

fine 

rain 

very  fine 

rain 

dull 

same 

dense  fog 

very  fine 

rain 

fog 

rain 

dull 

same 

rain 

dull 

fine 

very  fine 

dull 

Hygrometer.  I 

U5 

(»O»0CMrf*OQ000CNr}<Tf<»~eD<X)0003«DO««^Q0»rt'^G0^Tf*t-.-a0:T)<t0 

at<Ni-iCX0O8O©O0CTfTfT}<r)«'S*0CrfSOT}*»CT}*TfCCrf0CCOrJ<e<50CGC(JOr}*r}< 

37.9 

OtOr-<— iTf?OOOC»©»Tf<TfX«Ot-QOOiCOO>^>— 'OOkC'Tt'CC^OOt-TfOSrf!© 
GO(N5C5C0<550CC00Tj>Tt<-^Tf*-^t<<!Ort<CCTt*»OTl<T3'eC'<S*G0G0rt*0O  00  0<30O'^Tf< 

39.4 

1 Barometer.  | 

i-HOXCDX0JO»ri00W3030JX'— 't-»O33X0C03'^CDt~CCOCC— '»O»O»C0C 
OOWSC^eOOOtCMOOO— '<W'-'OeOO'^OitOJ-^tOCC>t'COtt;t03C<N(NS<3rf< 

05(33(330l03030303030303030>0ai00000000,0  0000000 
C'tOtOJCNOtOtOlO^CNOtCNtNCNGCOteCGCGCOCCOGCeOeOCOOOSCGOSOCCeoOO 

1 29.892 

1 Afternoon. 

Weather.  | 

overcast 

dull 

same 

overcast 

snow 

damp  8c  dull,  fog 

same 

same 

same 

rain 

same 

fine 

same 

overcast 

rain 

very  fine 
rain 
fine 
rain 
fine 
same 
fog 

very  fine 
dense  fog 
same 
dull 

rain 

mist 

very  fine 

mist 

same 

Hygrometer.  | 

2®22  1I1III|-MI”I"|-°'IIII“’III|- 
+ 

003<5CXOt05X03— <'^^Xt-C«»0'-<COOXCO.-<T«03CCOO*Or-tOX»Ct- 
ON>-<'-’^OOSCGCCCr}«T}<rfNfrJ*'<^Tf'^TfU5Tt<Ta.-^.^OCGO'^OOOOGOff<3rf<-^ 

1 -f 

38.3 

OXC^-— 'O^OlXOi*— <'^'-<03t~C>»0«OCO>— iXt'CCTf03®OeOOt-COXM3X 
X(NXXWXXXrfTf<Tr'<rTf»'^rJ'-<^->^»OT}*'rt«'«S<'rf'XXT»<Tt<XXXTf':}* 

40.5 

S 

o 

s 

2 

at 

33 

lOXt-XXXCNOX'—  ^X 

X‘OOtX>-ip^O»r-i03r-i^C>»Tft-XX'-<l>tCNT}<XXt^XX»OXCNCNXX 

X030303XXXOXXX030JXXXOOOOOOOOOOOOOOO 

0<O»O<C<O»OJCNO<CNOtO<0NOtCMO»i>tXXXXXWWXXXXXXXX 

29.887 

1 Morning.  1 

1 Weather.  11 

dull 

fine 

dull 

overcast 

same 

dull  8c  damp, fog 

same 

same 

same 

same 

rain 

dull  &damp 
fine 
rain 
dull 
fine 
same 

dull  & damp 
rain 
fine 

dense  fog 
fine 
same 
dense  fog 
same 
mist 
dull 
same 
fine 
same 

same 

Hygrometer.  I 

XXC3XX  1 I 1 I 1 1 1-  1 i-  1 1 r 1-  1 I 1 !•-  1 1 j- 

1.2 

TfOTt*XX»CXOXO^»-k«CN^-X>-'t-XXX03XO»XXTf<^Ott..t- 

37.2 

OXXb-'-'‘OXOXO'-Ht~XO»t-t-*-it-XXXOXO»XX»ftri<CNIt^X 

XCNCNCUXMMrf<W'^Tj<Tt'Tf‘'<J'XNfTj<'e''^TrXTj<XMWXXMX'^'rj« 

38.3 

1 Barometer*  | 

OOr-XXX>-iO<>-'03<-<OOtU5XOt-'-iO<0»XXXt-t»XX'^<NtNCCT»* 

<33XXXX03XXXX0305XXOXOOOOOOOOOOOOOOO 

C><C>«C>tCUC<CXOI<NC>JO>lC>»CNOtO»XO<XXXXXXXXWXXMW6COT 

1 + 

29.904 

1821 

January. 

— *«Mrr»oxt'XO>o^o»X'rf‘cxt-xxo^cNMTf«>nx»^xxo-^ 

©WO  « 
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Rain. 

»OCD^»OOOC0000505i-(0005i-t  CO  GCO 

OCM-h.ho^CN^OOC  — O'^  o oo 

docooodo'dddo’oo  d dd 

I 2.09 

1 Wind.  1 

1 Force.  | 

43 

■:3.'i'^^.2:3332333.2  332:2223l2.'|:32323233 

— .S  2 — rQ  — '5  5 ’d  'V  "d  ’2  rS  '2  5 "d  'V  'v  "o  a 5 .p  — '3  *3  3 3 3 3 3 

> 

Direction. 

N E 

E 

SE 

N 

SE 

W 

S W 

s 

s w 

N E 
SE 

W 

s w 

w 

N E 

E 

s W 
NE 
SE 

S 

s w 

[ Temperature.  | 

i 

« 

Tj<000CiQ0OC<G0'^Tt<00  05h-(M'-iCD©5Ot^OCS>'-<C000O»0rf<rJ<(50OO’^ 
<NCMCMtMGOG<?GCGOGO<5000GOTfGCffOGOTj<'<^<Tf«<5GOOOCM5C<WCCGOO^(WTj<Tf 

1 

t- 

GO 

W 

1 Sun.  1 

00(MCM»C00005— |■!f^-O'-'‘005Q0Q00Cl05G0^CTf^-t^Tf<0C^-^-— lO-^ 
6CGO0C  80  00  0OTf*'^'>?)*'^-rf«5‘OTj<Tj<TfTflOT}«»OTj»T}‘>OGCTt<T}*0OGO»OCO»O 

+ 

e 

i 

<0'?f<COXiOt^»OCOOOOOOCS»t^t~COOt'i-iGOGOQO— iO»0>CT?<CM05f-i»0 
CMCMO^CMGOGOOOOTOO'^'Tt'-^'^GCGCGO-^-^'^GCGOGOGOOCCOOOGOGOGOT}*'^ 

1 

S5.4 

1 Max. 

O05CM>-^05b-b-a0050»t~OOG<50000'00CMt-OGC00>— iC0G(3Or-T#‘t'.Q0r-i 
GOCMOOGCOOGOG<5CWGO'^'^lO»OTt«'»t-^'^»0'^‘0-^'^-<;f<CO'^'^GOGOT}<Tt»»0 

+ 

41.7 

1821 

January. 

—•CM(^0'!^'»0C0t-00  05O'-'CMG0■^»0C0^-Q0  05O'-'<N00'!^<>0C0^-00  05O'— 

— — — — — — — — >-1  — CM<MCNCMCM(MCMCMCNCMCO0O 

. © w O « 

Means 

2 G 


426 


METEOROLOGICAL  JOURNAL. 


1 Niffht.  1 

1 Weather. 

fine 

very  fine 
dull 

very  fine 
same 

same 

same 

same 

same 

same 

dull 

same 

same 

same 

very  fine 

dull 

same 

rain 

very  fine 

fog 

dull 

very  fine 

fog 

very  fine 

overcast 

dull 

very  fine 

dull 

I Hygrometer. 

J |0<eOT}*r-<r-l|rt<|<e<|  J j— 'OtOJ 

2.1 

»OtOf-io»»o©»0<SO(WTfTf»OWCMQOO»'-iQOt-QOM5— I'-^'-iQOOO^OC 
■e*eOTf<<«lC^e<OeCGCCOOCG<9CCOOGOCMGCCOeOCM®5COCSOCOOCC<5(NO»(}0 

32.5 

tC!c3i'e*c0(M(N>OTrTf<TKTt<»0>rt»o(»e0(y»00'-'00  05-H.-H^05OQ000 

Tj'corfocccecococ.ccscoocoGcwecooooGoeoeccccoooocoocccNOO 

34.6 

1 Barometer*  I 

l^t~oO'e<oooTfO'e*o»<X)t'Tt<»oo»^>crf»c'?f<e<5o^sco50>o»coor- 

CNCN—iWlr-t-t^Tf'-iGOCMGOCMeOlOTtCMi-'CO'-HOieCf-iOOOtDCM 

000000000000000000000000000505 

CC<f0GO5<50O0OCOGOCOGOCC0O(5CGOC<5GO<!OGOCC8CeOG<5<SOCCGO0O(NO» 

30.247 

Afternoon.  1 

1 Weather,  | 

very  fine 
same 
fine 

very  fine 
same 

same 

same 

same 

same 

same 

same 

same 

same 
j dull 

! same 

same 

same 

same 
very  fine> 
rain 

very  fine 
same 

same 

fog 

fine. 

same 

very  fine 

snow 

Hygrometer.  j 

^M5»0tD00»CeCOC0»0'-i<NCM»005Tl*— > j05CaM5r-t*-'05(!C  J 

»o 

t-OOt't~OCO*-it-»0000'^0500^»OOOQOO<5e<5--fW500<—  O'-! 
TrTfTfeCOtGC(NO<OCeCOCG<500CNCMCO®OOC(NOC<!CGO<J05COOO»CSOO 

1 

GO 

CM 

GO 

Q0‘0»0eCi0»O05>--'OOb-OOTf<»0Tj*(M»0‘000CMi0C0O05O0C« 

T}<TfTj<'<3<<»0C8OTj*Tj<Tj‘eOTj<CO0OGOeOCCGCeCCCTfCC(!O8OC<5CCGOGO 

3T.4 

Barometer.  I 

t0GCG0»0t~Ot~O»0t~t-'-i»0»0(NTfOCN’^'-‘— i(«0»C0CS»t0— 
CCSCCMOt-Q0C0»CO50<>»GC0I0tTf<W500>— iCC>-<CMGOO<OOOt-'— 1 

000000000000000000000000000505 

OOCOCOCOeOOOCOWCCCOCCGCWOOGOOCGCGCOOGOGCeoeOOOSCOCCNCM 

1 

80.243 

1 Morning.  | 

1 Weather.  j 

overcast 

rain 

very  fine 
rain 

very  fine 
fine 

very  fine 
same 

! same 

rain 
fine 
: dull 

same 

same 

same 

same 
dense  fog 
! dull 

j very  fine 

same 
dull 
same 
very  fine 
fog 
fine 
same 
very  fine 
overcast 

1 1 

CM 

05I^O»005C>»-^0'^«— iTj<rt'Tf05G0  05'-^OCO*OOCS»Ot~CCO>CO 
Tf-^Tf'^C^CCGOGCGCTfOCGCGOCMGCgNGOCOOOCMOCOOCCCNGOCNOtCO 

33.2 

05t-0‘0'^W5'!+00'^— ^uriTt'Tt'GOO^GCl—  G0GCO00»0Ot~00'?»'05©5 
Tp'^Tt'rfOOOOGOGCGOrJ'GCOCGCGCGCGCOCGOGOGOGCGOOCCMOCGOlXOC 

35.3 

6 

1 

2 

n 

G0C^W5t-00<N'?KCCO— i»0t-'»*»0Q0OQ0t~<Nl^OGCCMGCC005Tt<00 
rr05G005OQ0t~C0lM00G«50»G0<NG0>0G0i— iG<5CNCN50GCi-<0000(N 

0000500000000  0^0  0000000000000505 
GOGCCO(NGOG<5GOGOGOGOG<5GOOOGCCOG(5GOGOGOGOOOGOGOCOGCOOO»<N 

+ 

30.281 

1821 

February. 

•-HCMG0'^»0Cll>C»05O^<NS0Tf»CCDt-00  05O^(NG0Tt<»0C0b-Q0 
__H._«,^p-ir^^^r-cN<NCMO»CXO»CNCMCM 

0 « o « 

cn 

a 

a 
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1 Night.  1 

1 Weather.  I 

dull 

same 

rain 

dull 

rain 

same 

same 

dull 

same 

I very  line 

same 

same 

mist 

very  fine 

same 

same 

dull 

I same 

rain  . 

very  fine 

same 

same 

same 

rain 

verv  fine 

dull 

very  fine 

rain 

very  fine 

same 

same 

s 

1 

X 

J , , 1 J J [ J I , J J J ia.ee  |cc  j J | o, 

t- 

otcoocOGc  >ooooocs»ee>or}«kao5'-'CM<»  »ooc*5«o  c>tco«.koto  oeoocsoo 

^OCOOCrOTj'rrSOCC 

40.6 

(NeDOQO©0»OQOOOOtcetOTf*voaiOQOe<5.-.OOa5'et<OOCN05CDOO«eoOO 

Tf'^>OT)<ecTf<-^T)*>orr'«s'-^-^ooT5<(jorf*Tt‘TfTt<oooooc-^50T)’eo^Tf<»3Tj< 

42.3 

1 Barometer,  j 

»Cr-CCCD05TfSC00»Clt^0iOO0CGC^«5SC  i>»GC'^050Tf»OrfOOOCOCC>T}« 

0s0105c505050505a5a50i00000a5a5050>01i350a505c^05a50i050> 

Wat(?tCNO'(Ot(N<>tCX(>tO^OOCOCCCCOC©iat(N<NCN<NG*3(>»(Ma»C>tCNatCNa< 

29.642 

1 Afternoon.  { 

Weather.  | 

rain 

same 

same 
very  fine 
dull 
rain 

very  fine 
rain 
same 
showers 
very  fine 
same 

same 

same 

same 

same 

same 
showers 
very  fine 
same 

same 

hail 

very  fine 
dull 
rain 

showers 
very  fine 

clearing 

rain 

very  fine 

showers 

Hygrometer.  | 

5.6 

Tf‘rf<»o»oc*3-^'e<»o»o»OTt‘T}<'^G<30oeoTfocsoe<5eocoGOTt‘'rf't}*eoTi'-^cor}« 

+ 1 

40.6 

c>t‘oocc<N<X)000'-irt<ooot~Tt*tcco‘a^»ac«o»Gct~t^t~co»-t-cc»a 

T!<'^»o»ooc'^'e<‘C‘o»o‘o»o»ciTf<'e'T}*Tr''^Tf*'<r'<3''<3<'e'Tf«^Tf'^'^T}»'.3<rt* 

46.2 

• 

j Barometer.  | 

_^_0>»»0  00‘0c0t00»®0‘a(?00i'q'c5^^00050*0  0»b-0'—  GC>O'^CCQ005 
T^<QOCC)tCCi»0»OCNlOCOOOOiO'— ‘OOCtOOTfi— tOOOCOOO«C>'^‘03COC>»CO<>0 

oioioosciosajajosoioiojoooooioiaioaiosocjoiasososasoas 

0<C^(XtNa»atCN!>tOtCXCNCN(>t50eOGO(N(NCNCN(NCXeO(NCNa»C>ta»Otl>»CN 

I 

29.636 

1 Morning. ' | 

; Weather.  || 

fog 

very  fine 
rain 
same 
dull 
same 
fine 
same 

very  fine 
hail  & rain 
fine 

showers 

fine 

very  fine 
same 
mist 
fog 

very  fine 
same 

same 

same 

dull 

very  fine 
dull 
rain 

very  fine 
fine 
min 
same 

very  fine 
rain 

1 j j j 1 j |a:a>oOb-T)*«ooj'e<o|  jgc^ 

so 

1 

2 

GC 

QOC>»OCO''t»OtOCDQOC<tOC;COCS»e005‘a»'»!Wt^COt^OOtD^CC(»t-Ot50 

0O'<S*‘OTrGCC<5'^Tj*Tf»O‘O>O'3<Tf<0C0Oe03O0O5CCO0OCCiT»*T}*'<j«50T}<^T}»T}' 

41.3 

s 

QDt»OQO^*0«D050(»-H^OOCOOOi»CCO<N»08C— i.-<00tD»OCD5<5»'»O'Gj« 
co'^»OT(<ccsO'^T}<»a»o»o»OTf«Tt<r)«GosoTf<'<s«Tj*Tj<-<j<'^rj<-<rTj>TrTf<'Gif>Tj*'^ 

44.4 

1 Barometer.  | 

C00»5C--O'-'«0C0eCi0»O»000>0rt‘00Tj*0505t-CCO00t~C0CNC0a>«0t^00 

GCOOe-<X>a5QO»OCNir><OQOO>0'-tWCNO'^^!>»CNCDO»-OC(X>CMOO«D<«l 

Oiaiai03a>oi05050303050iooooooioi0503c50ai0505asasojai^ 

C<OtO>tC<»C.O<»O>»<NCNOtO»O»0CeC(«C<5GCCNa»O»CNC^OCO<CNCM(NOia»CM<N 

29.646  1 

1821 

March, 

i-.c>»ccT#'M5«C)t^ooaio— lC^^ecT^>c«5^^ooa50^c^(W'Tt<»f^co^'OOC50.-^ 
__,r-,.-r.-<r-<.-,r.«.-iF-,<Mi?tO^C^CN!NCN(NCN<NCCCO 
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§ 

Weather.  | 

rain 

showers 
very  fine 
same 

same 

rain 

very  fine 

same 

same 

same 

rain 

fine 

very  fine 

same 

same 

same 

same 

same 

1 rain 

thund.storm 

1 dull 

same 

rain 

thunder 

very  fine 

lightning 

very  fine 

same 

dull 

same 

6 

O 

s 

o 

u 

bc 

X 

jc^ecsccooitC'^eor-H.-i^.-H  j j j j 

2.3 

Tt<OQOOO(»OCOOOSb-<r>00(X'QOOCOTf<-40»i-HOOOO^t~Tt<C?<CMO<» 

'cj<Tfec(Jcco'^»o>orfT}'’^'^Tf<(so0CTt<ooTr>o»o>O’^»o‘o»ow5»o»o»OTr 

45.9 

Tf<SOOOCCOOGC©<C<5CS»COOO»OTf<--i(3ii-HO»«— <(M>->00  00>0C5CD»0»COt~ 

48.3 

1 Barometer.  | 

Tf'Oe0C0C0C0C^C0ClCMr~Q0<-MiC(MrJ‘»000<50CCr~‘0t-<5000»0Q0— 'CNCD 
TfCCGOGOQOO'-i'— '00t--^G0CDrf<»nTj<»0t-»0CD0Sr'CCCDt-C0t»00  05O 

0505050i0i000c50i05c505050i0i0505c500505c50ic505050i050 

OtOtCM(>tOtOO<fOCCC>»0»CM(M<MC>»0»CM(NC><CMCNO<CN(MOtO»<MCMCXCNeO 

29.676 

Afternoon.  | 

6 

very  fine 
overcast 
hail 

very  fine 
same 
dull 
same 
very  fine 
same 

same 

same 

same 

same 
showers 
same 
very  fine 
same 

thund.storm 

rain 

same 

overcast 
very  fine 
fine 

very  fine 
same 

same 

same 

same 

same 

overcast 

Hygrometer.  | 

»-TtiGOT(<»O^COt-^CO«Tj<0»CNOCDOO.-i  J 0<(NCO»>-^Wt~^MCCGC 

00 

00 

i-iO«ocou:i'^©)rt‘cct-oor-cx)cio»^cocoo»Tf<ciDkr5t^ooor~o»o»CMiooo 

T}'»OGO0CCOC(5>O»OT}<rf*Tf'^'>?f<-^'G<5<ICCCT}<>O»C»C'Tf'»n»C>OlO>OkO»CTf< 

46.8 

00rI<C5OOQ000.-‘Q00CC0>-'OOC0CMT#<CCTf*Q0l:^G0i0OO05'^»000'-' 

Tj<W?Tj<l0»0Tj<lOt0>0»0W5»0‘0»0'^«0»0»0>C»i0>0»I5CCO»>CDC0tD»0»0 

55.6 

1 Barometer.  I 

COOOIM»OOOQOOO<-'OTt<>-<CNTf<CMCMOCO-^OOOOCOOOOO— 'lO-rfOltOTf* 
«0(M00C0C0OOr^0500>0G<5'!j'»0»0Tf<>0b-»O»0Q0  00'«1<»0r'C0t-t-00O 

0501050505000c5050i0505ci0i0505050i05010505050j05050i0j0 

CNCMCMO<0<CCeOC(50»CMCMCNCMCNCM<NC»OtC^CMC><<MOtCNCNCNOtOIC^eO 

1 

29.658 

Morning. 

Weather,  | 

very  fine 
clearing 
fine 

very  fine 
same 

same 

dull 

very  fine 
same 

same 

same 

same 

same 

overcast 
showers 
very  fine 
same 

same 

rain 

dull 

rain 

very  fine 
same 

same 

same 

same 

thund.storm 
very  fine 
same 

overcast 

Hygrometer.  | 

O cc  '-<  »>  W kO.CM  0iw0500"rf<00000>-i0c»0<  JOOIOCC— <— 1,  OOOOICOO 

7.9 

tor-ODO-^— 'Cico^csioo— 'c<»OTt*oo»w50o»coo5»oiNt-oo«o<Necoo 

1 + 

46.9 

»«0<5a5t~r-CD.-H«Tj*'-<«0»fl0»Ot»O00»0<NTt<C0C^O‘0Q005Tf<»CQ0— < . 
■^»OT}*TtTfTl<lCt0»Ot0»0»O‘O»O'<!}<»OL'5M5W5»0U5»OCOC0C0tDCD;D>O»O 

54.8 

U 

9 

a 

eC»-<O(N<!0Q00C»0‘000W5»0Q0^<>»t-CD0>05000>0>CO00Q000>-HTfC0'^ 
t0ece00i5‘000»— iO00t0C0C0CD>0'^-<i3«CCit0»0t^0S»0'^CDt'lt~00Q0O 

0i0i0>050i0000c5050505050>0j050>0i0505010505050i0s05050 

0»0<<NC>»<MeOCOWOO<NO^CNCMO<<NO»<N(NO»O^CMO»(XOtO<0»OtO^CNeO 

29.678 

1821 

April. 

.-<0<00T}<W5e0t^0005O-^<N»5'>^'»CC0t^0005O'-i0»<WTfk0CD»^000JO 
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1 

Weather. 

very  fine 
dull 
same 

same 

overcast 

showers 

rain 

very  fine 

same 

fine 

overcast 

very  fine 

same 

showers 

very  fine 

same 

rain 

very  fine 

dull 

very  fine 

fine 

very  fine 

same 

same 

rain 

5)now  show. 

rain 

fine 

same 

very  fine 

same 

Hygrometer.  I 

I jcoowwsweo  j 

00 

QOO«OOt»WeOCO(»COOC>ece<5<-ir}«^Tf*S<50000CD(?5.-i-tO*->OC»OWCO 

44.1 

OJ'irtOh-rfQOeoOSb-QOt-CO^eDTf'Tf-^li^TfCCSC'—CJOS  — t-OCrt't^CDl^ 

47.2 

Barometer.  I 

0)C<5CDO*000C0«5V500i-H05(N»ft(3i-^e0»C050»Q0O*05(N«D000C'ffQ00b^ 

0>00<Xit-'<3'«D00O0t'--'05C0©0<JQTf0>00r-(.-.CMO0300Ot~000JO«-'— 

0>0>0s050105050000050505050s050000050500>05  0)0000 
O'tCNOtOtCNOtOtOCeOOOCytOtCMCNOIOtOtCOCOCCOCiMOieOCNCNC^WWGCW 

29.891 

Afternoon. 

1 Weather.  | 

fine 

very  fine 
same 

same 

same 

same 

same 

fine 

very  fine 
same 

overcast 
very  fine 
ditto,  hail 
very  fine 
lhund.storm 
very  fine 
rain 

very  fine 
same 

same 

dull 

very  fine 
dull 
hail 

very  fine 
same 

same 

hail 

very  fine 

same 

same 

lygrometer.  | 

I kC»CQCM(W»ft»OCOtOrt<QOCC'-iO 

12.3 

00C>»00TfCD^(«C00»»0t0OOl>»»^W5C5<-<^C0OT00MTf<©»«0<0«D'^W>«0 

'«5**0'^‘Or}*T#<io»orj<Nj*»crfTt<rfTteciOTj*T}'(scGoeo--Ti*ooTi<ccwTf«'rfrj« 

+ 

43.6 

-HOi»Ct-eocOO<N'-''-^«OOTf«COiCO(NCOCO'«f(»^OOOiOOO»OTf<t-CDCO 

»0»OCOtOCOW5COCDCOCDCCiCO»OkOT}<»0»C»0»0‘0»OW5'^rJ'»0-!t<»0»0»0»0»0 

CO 

1 *'5 

1 Barometer.  | 

l-0<500CJ<W»0Ot^C^Tft-OT0»00ec00OQ0CM'-<Q0»00>0»t-<Wrf‘O'!j<OCM 

0500<X>t-»0»000050tCM05t^<J05CO»000>00»CN005l:*Ot-OOC30r-^CM-H 

05050505050501050005030501050505000005050050050000 

Ot<NCMOtO»0»CNC>tOCOO<MCMCMCNCN!>t<NeCCCOOC<30»OtOO(NOt!>tCCGOGOOO 

29.881 

1 Morning. 

Weather. 

overcast 

same 

fine 

very  fine 
same 
showers 
very  fine 
rain 

very  fine 
same 
fine 

very  fine 
ditto,  hail 
very  fine 
showers 
hail 

showers 
very  fine 
same 
rain 

very  fine 
fine 
dull 

very  fine 
same 

same 

same 

same 

same 

same 

fine 

Hygrometer.  j 

COtOOlWjJOtt;^  J CC00'^O«0»0»C<35<COOM»-CD»-'«0^OTt^»0'«S*Tft^ 

1 12.8 

1 

(j(5__t-.}.0«0'5ftDTf-^'<tOCCOCO>—  OeDO»COCDt~r»'»~OOa)03«CC>»05 
Tj*»0»0»C»0'^'«9'‘0'^rf<>OTf'<!fiTf«'^rf»OTj<rJ<Tt'Oi5eOGOOO(?OCNCC(fOTfrfTf‘ 

1 

43.6 

05l-Ot»'^Q0-^^OCMQ0O05»0.-<OtDC005C0«0500O00— ‘lO-^t^COO 
■^»0CD«0O‘0O»0t0tC»CCC‘0>0»0O>Cirt*0'^»0»0'^»0>0»0»0M5»0»C»0 

56.5 

1 Barometer.  | 

00  050— <e005OTfO00T#<0500XQ0«0O00t~'it<00CC05OTfO-^»-— '005 
0®t~t^OTf<X030tCNOXOOOOi-<t~003CM(N>—  Ot-005X0505—<0»'-i 

0050505050305050000505030303005000003005030505000 
CCi:M(N(M<NCN<MC><G0(J0e<5CMCNy<OIO»(roC^G0<»(!<3CCCN00(>»O»<M(MG0G05i7 
+ 1 

29.902 

CM  rt 

oos 

>-i05G0^»0Ot~00  03O  — OtCOTf'lOCOt^XOlO— '05GCTf»0C0t-C»05O-^ 
if-H— 1— <— <^O»c^CNOICNCN<NCMCN(?IC*3<50 
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1 Weather.  1 

fine 

very  fine 
fine 
mist 
rain 

showers 

rain 

dull 

same 

showers 

rain 

showers 

very  fine 

same 

same 

overcast 

same 

very  fine 

same 

same 

same 

dull 

very  fine 

fine 

dull 

fine 

overcast 

very  fine 

fine 

rain 

•“"■”1  1 1 l^“l  1 1 I''!  1 1 1 

fee 

s 

o 

bc 

(W00ei5«5CDC0C<5e0CDt~00O580it~Q0i— irH00  000<5(?»O050i«£)CD00C004>-i 

+ 

49.1 

'r#<»OTfCOCOe0(»t~t-»^00O5t-O5(N^'— iQ0t'©0CS»O050iC<0»>— 

50.8 

I Barometer. 

00T}<C3SC0«-HQ0p-<e0O0<<M»0ai0500(N«0C0CNS0t~C>»e0'<^CC0005C00<5O 
OOit-tOQOOOCOOOOOOOOCN— fOtCNCMCNiN'-HOO'-''-'^— 'OO'-^Ot- 

005c505010505050i0>000000000000000000005 

CCCXOICNiNCNCNWCMOlCOCCOOOCGCGOOOeOCCCfOOCIJOCOeOOOCOOOGCGOCM 

I + 

30.023 

1 Weather.  | 

very  fine 
same 

same 

fine 

rain 

very  fine 
same 
dull 
same 
fine 
rain 
fine 

very  fine 
same 

same 

overcast 

same 
very  fine 
same 

same 

same 

dull 

same 

same 

1 very  fine 

same 

same 

same 

same 

overcast 

c 

o 

ooeot-oi  jO»OOJOiT}*  JW5TfCO'e‘0OGOO5^(NCN»«U5»Ct-.-it^eoO5i-i 

roi 

0 

1 

i: 

<5 

1 

2 
u 

t-'-Ht-rftD»»OOT#'Tf<QOQO»^t~'^OCCOCO^V5'e*Tf<OOOCOCCCOO(NO 

1 

49.3 

s 

W5^'^G*5COt-80eOCO(NOO(X'-‘OTf*CCCD.-<OtOCD»CkO‘OeOTt'6<5eo— 1_ 

CDCDCOtOkOtOCOlOkOlOTfiOlOCOtOkOlOtOtOlOlCkOkO^OCOCOCOCOt-t- 

59.4 

Barometer. 

C0C0(?»r}<-HTj<t^t^Tt<000»TfOU5e0O'e''e'0>»^»0Tj<GC0»— 'COCO— Ito-rf* 
OOiOOCOOOOJtOt^QOt'OJCN'-'CNCNCNWCNr-.OO'-'^'-i'-iOO'-iOQO 

ooiososasojaioicftoiosoooooooooooooooooooi 

GOC^CNC>»0»<M(XCN(NC>(CM(»OOG<3EOOOGOeOCOGCeOGO®OGOOOCOGOGCCOO» 

30.022 

Weather*  I 

very  fine 
same 
fine 
rain 

very  fine 
same 

same 

overcast 

hail 

fine 

showers 

very  fine 
fine 

very  fine 
fine 
rain 
dull 
fine 

very  fine 
dull 

very  fine 
same 

overcast 

same 

same 

overcast 

very  fine 
fine 

very  fine 
same 

ii 

a5C^O><SOC>)— 

7.9 

'S 

o 

1 

B 

o 

»■ 

bfi 

cciQOcoTf>cecio»tNc>»ooooooO'>!^'ooo<5o»oooTt'Tt<05t-oot~a)0»o 

»CT)<»0»Ck0U5»0»0Tj>Tt<»0Tj*'e‘-^Tf>0‘0lO»C>0Tt<-<J<Tj«-^»0»OTt<Tf»0»C 

49.8 

S * 

»rtO‘Ot't'b-'e*'r)<OOeOCS»»OW5kO<N»08<5<— ' »OT»<TflOTt'O»-^t~O500'^CO 
t0b-<0»OC0C0CD»0»0»0*0»0lO»0kO»0»0»Ok0»0*CkC»0»0‘0>0‘0»0CDt- 

>- 

»- 

ii 

OOTt<OOt-— iO»0»OTf<»OCOCOCOOO‘0050tOOGO'^'<^'OOt(MO>‘CTj<0 
OO0i»>lt-0>00t0Q0ir-Q0»-'— •fXGOCNOiCNCNOO'^'-'^'-'— 'O— <— 'O 

000>OiO^OD05C5C5i05050000000000000000000 

cosoc^o^o^o^o4o^o^o^o^Go®ocococoGocoGcoocococococo®oooGcoow 

30.041 

1821 

June. 

• 

i-HC«9CiTf»o«ot'00050>-<oi<»T}<w?(r>i-ooc3>o-^cN«0'e*>ocoh-ooo50 

..^...^_i_^rt.,.,,-..-iCNO»O«(N(NCN(NCNCNCNC0 
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Night. 

1 Hygrometer.  \ Weather.  | 

rain 
same 
very  fine 
same 
dull 

showers 

clearing 

dull 

same 

same 

same 

very  fine 

dull 

very  fine 

same 

same 

same 

same 

lightning 

very  fine 

rain 

very  fine 

dull 

rain 

very  fine 

same 

same 

showers 

very  fine 

rain 

dull 

j |0*  j009CO»p-  J— < | | j j j<N 

T}< 

o» 

»C»0-?f>0»0»0'T}'»C>0lCT}<'rf<T}<»«iCU:>0»0>0i0»0«5»0lC»0»0»CiC»0C0t£) 

1 

53.4 

— <>-<00Tft»(S0O0ieCC0'rKO*<DtC0Ct~CC0505050;05C005»^?0tCTt<000»C0 
>C>0Tf»C»C‘C>C»0»C»C>0»C>0»0»0»0>0k0»C‘C»0»0»ClC»0»C»0»0>0C0t0 

55.8 

||  Barometer. 

_it,._i_i3500io00t-— iQ0>-->»0Tt<Q0^00OG0!35»0'X>Q0<-<ir-Tr(3>e0O'^C0 
'Ot^OiOO'-'OOOOt^t-—  'NCNQ0t~t>»OCOiOQ0O5<35OJOlC»a5 

05010i00050500000C35(35C5500005C50>C350iOiCi0505050505C5 

CNC<CMO(5GOO<CMG08CiGCOOOO(M(NCN500<5GOCNCXO»C>tOtO^O»CNO^<NCNO»0« 

+ 1 

29.909 

Afternoon. 

I Weather. 

thund.&hail 

rain 

overcast 
very  fine 
fine 

showers 
same 
very  fine 
same 

same 

overcast 
very  fine 
hazy 
very  fine 
rain 

very  fine 
same 

same 

same 

same 
showers 
very  fine 
hail 

very  fine 

showers 

same 

very  fine 

same 

fine 

rain 

very  fine 

1 Hygrometer. 

6*01 

b-f-HCOGOOSSCOOi-Ht-OiOtCOlOOOCO— .COO‘OCN»-OTf©»00»Tf.-iW5'^ 
iO»«Tj<Tf->^»0iO»Or)<Tf<»OTf'»O»O>ctCiO»O»O»CtDkO»C»O«£)tC»O»O«Dt0<0 

+ 

53.9 

t-FMC0O'^--HTt<OTt<0500eC>0t-O05i-'CJO05OQ0(N<X)t-a>Orf0J»0<!0 
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Temperature.  j 

(S 

i0C0»nCN(O0000Tt<05C0OO0^OO05»0C0b-e0000»»0O050500t-0<C0Q0 
0<0<COCCCOO^O<COO)GOTf<'e<GOOOO».-HC5»COCOCOCOCOCOTt<GOO<COO«(MO^O< 
********  *********** 

I 1 

o 

CO 

a 

s 

cc 

. 

a 

§ 

05CM»O00'-H00O»0OTf*O00OQ0O05(N00Q0»O05>-(i— 'G00c«»0l0a»0»0 
GOCOGOGOGOO<COCOCOCOTt<'<tT)<COCOC^GOGOCOCOCOTPTf-e<Tf<COCOCOCOCOCO 

1 

wo 

CO 

i 

»CCOC35t»Q0t'»:-r-(»CW5t^t^O5l~C>5COO5'— Ii— iO00CDC000t”t~*0Q0t-050< 
'?f'^COCOCOCOGO-^Tf'rf<-<^'-^T}iTf'^GOGC'^'^'^'^Tf'^”Cfrf<'^'^'^rfOO"<^' 

+ 

43.1 

1822 

January. 

i-H0»00'^>0C0t»Q0  05O'-<C«C0r#<»0CDi-00  05O'— iO<0'5Tf*»OCOt-000>0 
.-H^.-iF-Hr-irHr-iHHrHF-iCS<<NCNO»O^<MCXCn<MO<00 

« o « © 

Means 

450  METEOROLOGICAL  JOURNAL. 


Ni^ht.  1 

1 Weather,  I 

very  fine 
rain 

very  fine 
dull 

very  fine 

fine 

rain 

overcast 

same 

rain 

same 

fog 

overcast 

very  fine 

misty 

dull 

very  fine 

dull 

very  fine 

same 

same 

same 

same 

same 

dull 

clearing 

very  fine 

same 

1 Hygrometer, 

«J  1 J j 1 I j-^l  j J j j joccc 

1-^ 

iOQOOO<X)»r5<NC>»0»QOCO»C<NC^ 

OtTfGOT}<GOTj*Tf<-^r}'Tj*^(!OT}<'5riTj<rt<Tf<-rf*GOGOGOCCCOGOTf'^GCOO 

40.3 

<3105t~0<05i— 

OC-^SOTfCOTt''^Tt''^Tt<'^GOTt'Tt<Tf»0-^TfOOOCGOCO<?0'?f'Tf'e'COSO 

41.4 

I Barometer.  | 

OGC-rft^eocD.— lOt^rtiTfcor-CNOOTfCDi— 1'— isotrj 

0550CCCN000500a>C0t'-.-iC>»OOeCS0G0®0C^O'e<(NCNCN<»(>tt--^ 

05ci0i05a5(35ci®)0>05000000000000000000 

CNOtoto^otcNCXo^oto^oceoocgoGosoccgOGOooeosoGcgoeceoweo 

30.076 

1 Afternoon.  | 

j Weather.  | 

very  fine 
stormy 
very  fine 
rain 
showers 
very  fine 
overcast 

same 

same 
very  fine 
rain 
fog 

very  fine 
misty 
very  fine 
same 

same 

same 

same 

rain 

very  fine 
same 

same 

same 

same 

rain 

very  fine 

same 

[ Hygrometer.  ‘ 

Tj<  JT}*  JO<»OOtr-<  jrf  j ||^t}<»OQ0  j<X)00  00(!OCO©»«^ 

4.2 

C0C»C5b-'XitCCDCD00C0tO.-i50Tt*00®0  00'^OO<©'^TfO0»000»0» 
(JOT}<GCTf'>^<5OT^<xf<'tf'^TtrJ<Tf'-^Tf<CC'^'<!}*TfTf0CCOGO(5O'^'Tf<COGC 

-f-  1 

40.9 

O0>50t~00O00t-C0O»C!i-HT#i»C(?0Tf<CM0500O0<C«0»CCOO-^00 

45.2 

Barometer.  | 

rJ<05'-i05QOO-^0'-^OtCOOGCtOTt*OOOOOCCOTt<OOQOOOCOC50»C 

O»0»C0<G0.-H000500Q0O'-'OO'-iG0G050C^05TP<N0;(CNi-HOt->0 

oc:»o^C5a)OCiOio:>o^ooooooooo(T>oooooooo 

COO^C^C^*O^COO>^C^(N<NGCGOGOCOOO<30(SOCOGOO<GOOCCOC?OGOGOGOG<9 

30.0.58 

Morning.  ( 

1 Weather.  | 

very  fine 
rain 

very  fine 
showers 
fine 

very  fine 
dull 
fine 

overcast 

same 
very  fine 
fog 
mist 
dull 

very  fine 
mist 
dull 
same 
rain 
dull 

very  fine 
• dull 

same 
very  fine 
fine 

overcast 
very  fine 
fog 

Hygrometer.  | 

ec 

Ot-00<»tr-GOtC^OOTfC«0'-'rHOOOCOCOic-t-tOCOCDCOO'X>eCTt< 

TfTfTrrtOCGO-^Tt-^Tf-Tj'TfTt'Tf-’S'-rf-^'^'^GCOCGOGOGOTfTfgCGO 

GC»^rt<Tt<c35tOinOOOOt^iOO'->">*'C3500t~t~Tt<t--Hi-iTfit''05(N'^ 

rf< 

Barometer.  I 

'«;)<<35C00i»0<J000g0»^>OOO^Q0C£)Tt<a>C00»C0tD'-'>-'O'-'CNt~00 

r-<t~TflOCN^OOOOQOQOOO»^OOGCGOGCeOOGOTf<r}'OCCN'-<»OCO 

00i0t)oio500ia)0i0j000000000000000000 

C0C»O»O»Ot5'3O<(NC>»CNC0Gi5e0C?0GCG<500S0C0(?0G0CCiGCGCG0S08C50 

1 

30.097 

1822 

February. 

»-<0«*C'^»0«Dfr-000>0<-iCS»8C'^>OCOb-Q0050— iC»eO'^»OCOt-00 
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Rain. 

0.30 

0.07 

0.07 

0.10 

0.07 

0.15 

0.04 

0.03 

0.10 

0.93 

Wind. 

Force, 

<D 

^^Sooo-^ooooooooooooooooooooo 
^.2 'Sxx’C.xx.x.x'Hx.x.xx.xxxxxxxxxxxx 
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> 

1 Direction,  j 

1 Temperature.  j 

1 Rad.  1 

r-i<33>Dt^CX03'-H<Xir—  S0Tt<'!^<CM0^0^OC0C0Q0lDCX03  03OG0C0(XO 
GOGO(XGOCX<XXOOTfGC<M3CCGOCOGC^GOSOCXXCXX(XCOTf<CS(CX(X 
***-sf-**********  ************** 
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so 
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s 

»C03G0  00CX‘0ir)(XC0'-'OTf<OC3300OOCXt~'H'..Ht~t..03C0C0i-HO 
GOOOGOGOOOGO'^-^Tj<r}<Tj<00-cf<GCGO-cfTt<TfGOGOGOCOCOCO'cr'GOGOGO 

1 

37.7 

>< 

Tf*r-<l^b._ir5CD45(j^(j;^i35..^COOOCXOOOO'-Ht'»OCOCDt-(X'— iCO-H* 
'ct<»0-cf<'cf<lO'Cf<W3>0»0»0'cJ<r}'Tf'^»D»0»0»0>O^T}<'Cf'^X»0»OTt*'!f 
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48.4 

1822 

February. 

H-<<X80'ct<>0CDt-Q003O'-'CXG0"^»0C0t-00  03Oi-'(XC0Tf»OC0t'00 
._,._,r_r-.r-<r-lH-li-Hr-l.-<(X<XCXO»CX<XCNCXCX 

o ^ ^ 

Means 

2 K 2 


452 


METEOROLOGICAL  JOURNAL, 


4-» 

'1 

iB 

1 Weather.  I 

very  fine 
same 

same 

rain 

same 

dull 

very  fine 

dull 

same 

fine 

very  fine 

same 

same 

overcast 

very  fine 

dull 

rain 

overcast 

same 

same  - 

same 

very  fine 

same 

same 

same 

same 

same 

same 

fine 

very  fine 

dull 

1 Hygrometer. 

j j j j 1 j J j [Tj-cwiOTj-jeoj  j j jo»^|cj<oo^-.-Hjot-oo 

1.7 

0J0C0^t~t>-»-05C0OO»C0Ci-H05O(JCCCC0Tf‘05O00Tj<t~t~C0t~0»t~'>^O 

GCT}<-^Tj<rf'<^OOrf<»OTf<OCeOTfTj'r}<M5»OTf<IOTj*»0-^TfCi?GOTfrj<»oeoecOO 

43.4 

0>(«0*t-r-t-OSSCi-HT#'t-00»C05  00  00  00COTf— i--COCOOQOt-QOCNt~'-iOO 
00TtTf<N}<Tf<rfC0Nf»C-^«<38O'^TtTf»O»O'^»O»O>ONf<rJ'->!tS0'SfTt'»O'^'^G0 

45.2 

1 Barometer,  j 

■<!fi-i(NQ0CCCM5C>-iQ0lX)i— iCD00O»0O‘CCC)00l0>0rt*»nC000CS»0>Tr»0CCG0 
C<6C(MO>COCO‘0»Ot~CDCNOCO>(NO^OtOSCCCSOi— •eCOOt'OJCNO'— 'Ot  o-^ 

0000^0s050>05050500c50000000000ia505000000 

eC(«CC(NCN(>»CNOtCN(NeCOO(?<COGOOCCCe050(»GCGCCNOIOt5CCCGOCOOCGO 

30.072 

Afternoon. 

j Weather.  | 

very  fine 
same 

same 

same 

same 
dull 
fine 
rain 
same 
showers 
very  fine 
same 

same 
showers 
very  fine 
rain 
same 
very  fine 
same 

same 

same 

same 

same 

shower 

rain 

very  fine 

same 

rain 

fine 

rain 

hail  - 

Hygrometer.  | 

t~0<5M5>0— 1 “5^22  12) 

CO 

coco»o»o»c-r-o>oo<M»o<M»OTf‘«jr-<ocec-i^r-.-H{sot-t-TftDcMo^oorft»cD 

GO-Tf<Nf<'<;fCC'^CC-^M5T}<OC8000»OCO»0»OTf»0»0»0'^'<S'©0'tflOW5^00T)*CC 

t- 

Tt* 

e00500000<0000  (MOrf*«;o»00>G0(S<50<35C0«0Tf»C05C0C0C0Ot»t-O 

50.7 

Barometer,  j 

rfi— iT(<O05SC0i'-*‘0OTt*00i«0CTj*T}<t--He0>-i0500CDO»0lCt-T#<F-<O0<5 
0»SO<N005tDTfTt<t-CDOGOOOCM>-ir-iTf<(JOGO»-iSCOt~r''-<r-ir-iTj<COrf 

0 0 000105050i05050000000000000050i0000  010 
eCOCSOOOOtO^O^CMOtCNCOeOCOGOOOGOOOOOCOGOSCGOGOCMCNGCOOGOOOC^OO 

1 

30.056 

1 Morning. 

■** 

<0 

1 

fog 

overcast 

fog 

mist 

fine 

rain 

fine 

rain 

very  fine 
rain 

very  fine 
fog 

very  fine 
fine 
fog 

overcast 

rain 

very  fine 
same 

overcast 

same 
very  fine 
same 
dull 

same 

same 

same 
very  fine 
same 
rain 
hail 

Hygrometer.  I 

j j j jeOjCD|(MjWj»OTf*j  j(JOCCT^<jo»^l>-^>OjCOCDWj^ 

3.2 

rf<cocDCDcoec»-<— icoso(?ooooo(N>-<05i:oTt<'!ta50i^ooooo5(NOo»o 

1 

45.1 

T«CCiC0CD0>CCb--'00G0M?Q0»«Tj*04^(N0JQ0Tj<FHO00— IW5Q0CNQ0G0CM— ■ 
CO-^T}*'^T)<U5'^'^'^»OTf<GOTf»0't}<kO»nTi<  l0»0»0»0r}<l0Nf<'^»0»0»0W5'!t 

48.3 

1 Barometer.  | 

ooeoecosocoooocwcNt-si— iOTt<^o»co<Nb--^»«co5oooocO'-'CDccco 

0»OCCCOO»C»OCOt-COOOGO(NOCNOtG<5SCOOCOCOOOCM«5000CMOTrCDOO 
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GO 

1822 

March. 

•-•OtW'tCMStOl-OOOO^CXSCTfiOCOt'OOOSO^CMGOTtkOCOt-OOCSO— ' 
^.-.^r-i.-i^,-.r-^.-iC>»CNC>«<NO)(NOtCN(NOtOOGO 
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1 Night.  1 

Weather. 

overcast 
very  fine 
same 

overcast 

very  fine 

same 

same 

same 

same 

same 

stormy 

rain 

very  fine 

dull 

rain 

very  fine 

dull 

1 very  fine 

rain 

same 

same 

same 

very  fine 

rain 

very  fine 

fine 

dull 

very  fine 

same 

same 

1 HyBrometer.  | 

j j 1 1 j jcxj  | 

lc~ 

CC>CCN>/?!?»»C>0»0';t*C£>O‘«»0t-C0<«»0OC0Q004C0T^0iwr)C0Tt*C5C5C0 

1 

43.3 

scocot^co  — o‘o»nco^»or~ooo'X)»osocooocstcor}<oi»oooTt'(3ioio 

45 

1 Barometer.  | 

OCiOOQO—^Ot^OO-HOD^tOt-COCMCOaiOVJCOCCQOinCDGCOOQOaSCDCM 
COCOON'— '00500'— 'OasXOOOOt't^t'CD'^GOlCCCt-O'— '(NCXOO 

000000500000505000005050505050505050500000 

GCCOGCCOGOC>tCOGCaoOOOt05GOGCGOSOCNC5'<CNCNOJCXOtCNO»COGC50COCO 

29.973 

1 Afternoon.  1 

Weather.  | 

very  fine 
same 

same 

overcast 

fine 

very  fine 
same 
hail 
same 
showers 
very  fine 
thund.storm 
very  fine 
dull 
rain 
fine 
rain 

overcast 
thund.&hail 
very  fine 
showers 
very  fine 
same 

same 

same 

same 

dull 

haze 

very  fine 

same 

Hygrometer.  j 

eo  ^ -rf  a O ^ jeO-TfOO  jOOOO  jb-  j>Oi0G0kCQ00^t»Q0O00r}*00^ 

^ ^ + 

CO 

<»l0'^»0O»05Q005CDOC0Ot^t-Tf<t-Q0»0»0OOC0O00l0»CW5>0'-'C0 

aOGO'^-'^''VCOGOSO<!0''S<GC»OTt<'':f»OTf<Tj<'«t'Tj<'''l'»OT}<Tf<T}<TfGO>0‘0»oeO 

43.7 

CC>tDO05'-'05  05  05'':*'''^'^O>0»0Tt<'';#<00OOS*5»i'5Tt<0»»0<m»0000505— ■ 
T}*rf<»O'':J<»O'';J'rfS0-^-^Tf»C»t5»O»O»0Tj'»O»O»OU5»Ok0»O»Ol0»O»O»O(r> 

51.3 

1 Barometer.  | 

t-05»0r-'C0Ok0C005<lC05O^C0Tt'OS''3  00O0<CN»O05C5t-G0Q0;-iO0^ 
CCGOGOOt005000005COOOOOC»COt-t-kO''S<'rft-CDOOeOCCPO 

000000500000505000005050505050505050500000 

GOGOGOCCiSOO^GCSCOCGCOtChtSCSOGOGOOtCNCNCNOiCNCNOtO^OOCOGOGOGC 

29.975 

Morning.  | 

Weather.  | 

very  fine 
fine 
same 

same 

same 

very  fine 
fine 

very  fine 
hail 
fine 

very  fine 
rain 

showers 
dull  ‘ 
fine 
rain 
fog 
dull 

showers 

very  fine 
same 
fine 
hail 

very  fine 
rain 

very  fine 
rain 
haze 
dull 

very  fine 

Hygrometer. 

t-^00»005000»00<000  1 jt^CO  j J jOOOOOO  jo  jl^  |«o 

4 9 

»0k0  05'^(N'^0Cm05CCO'— '05t0'— 'OiNOOtNeXM^t-OO'-iGC— H»0'-<<X) 
GCCCT}<T}<T}<T)*T}<(!C80eCGC'tJ'»OTt<»O»C'ttT}'-'^T}<''^^»O'^>O''S'»O»C>O>O 

+ 

44.6 

1 

otoo05>-iot»o»0'-te»T^<nHCMc^t^oc>»ooo<N'— itooco-^Tf-^o^cN 

49.6 

1 Barometer.  | 

05QO'-'COO»tOOQO  — Q0C0C0OT05h-r)<-'^05CDCCS0<W»-05»-O''!)<^05O 
GOGCTfCN'-'0500'-'OOt»05000050t-t-CD''^<GCt-i0050GOCNOO 

0000005000000505000050505050505050505050000 
00<WGCGOGO(N300CGOCCGOCNC^GOCC<JOO<OtCN<NCN<?<C>»CNCNCNC!OCCCCOO 
+ 1 

29.983 

1822 
April . 

r-(C^>G0''^‘0^D^~00  05O'-'(NG0■''^<^0O^-Q005O'-'0♦<«'^^''0C0^-Q0  05O 
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Rain. 

0.11 

0.19 

0.43 

0.22 

0.18 

0.20 

0.15 

I 0.23 

i 0.08 

1 0.10 

0.19 

0.04 

CM 

CM 

xj 

c 

1 Force. 

|||.||.2.||||§|||||||l||||||||||| 

as  ’-a  ^ ^ ‘-S  2 '-S  ^ ^ ^ -Q  lx  ^ ■'S  '-S  ■'5  a rS  x x x x x x x x x x 

> 

j Direction,  i 

N 

N E 

N W 

N 

N E 

E 

S W 
SE 

E 

N E 

S E 

N 

N W 

s w 

S E 

S 

w 

s 

E 

Temperature. 

•6 

a 

'-ii-'^'>?fGOOt~COOOCOt-t^t-  iCCOTfO'-iO^I^XXX  >00000000 
GOGOGOGOGOGOCMCMCMCMGOGOGCNt<'Cf<GOTfG(5XTf'XXGO'^GCTf>'^Tf'^GO 
****************************** 

1 

36.7 

a 

0 

CA 

0 

OOOGOOOOCOCM.  GOGCOCM>COt~'-iXr-ii-HCOOOXCMt-'->XOXCO>0 

GCGC->cfXXGOGOGOGOGOGCXXXXXXXXX  'CfXXXXXrJ'XXX 

1 

42.2 

s 

t-OXG000>0>-H— iC0C0CD0C00t-CMICOG0»0C0Q0  00  00  05  00  00  0005(J<»O 

N}>>o>o»o>o>oM5>oxxx»o>o»ox>o>o>o>o>o»o»o>o>o>o>o>ococo^ 

54.9 

1822 

April. 

>— 'CMCCX  >0c0lc~00050i— 'CM0CX»0Xt^a0  05Oi— < CMOOTf  IOCOb-00050 
„^-_^^.-Hr-ir-^.-HC>)CMCMCMCMCMCMCM<MO»00 

O © '=' 
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c 

very  fine 
same 
fine 

very  fine 

dull 

same 

rain 

fine 

dull 

fine 

stormy 

rain 

same 

showers 

fine 

very  fine 

fine 

very  fine 

same 

same 

same 

same 

same 

same 

same 

same 

rain 

very  fine 

same 

I same 

same 

1 Hygrometer.  | 

00 

d 

^QO<X>0»r»OOOtO»OCDCCCDCCC^»Cb-‘Ot~OCit^»nOtCOOOQOTr‘05C50'^ 

1 

^ 49.4 

C000eC!ytt-C0O0»>CC00CC0C00»W5t^»Ot^GCQ0tCl0<CDO00  00t0050500'<t 

50.2 

1 Barometer*  | 

OOOt~OOOO^COOOeOt^OOOW5t^'^e05CCD»Ct^t-0(N50t^t'  C5t^— 'to 
0<.-<t~t»lf-000501‘0Tft^00a)0505a)0iOO'-'CMCN^O0005O"CMtN(?t 

000i05010j0<3505(350i0>0501050505000000005!3i  OOOOO 
GO!!CCXC^CXOtCMCNC>tOtOtCNO»CMC^O<0^80CC30GOGOOOCO(NCM5CGC(JOCCSO 

29.978 

I , Afternoon.  | 

' Weather.  [ 

very  fine 
same 

same 

fine 

thund.storm 

showers 

rain 

fine 

dull 

fine 

very  fine 
rain 
same 
showers 
same 
very  fine 
fine 

very  fine 
same 

same 

same 

same 

same 

same 

thund.storm 

rain 

very  fine 

same 

same 

same 

same 

1 Hygrometer.  | 

OOOTfOOCMOO  |3CSCC0'Tfp-'-^'-Hr-'O0500G00»-'C0O‘Oi-H  IrfQO^COO 

10.6 

QOCOCDCOOr)<t^OO<X)COTfCOOTf'oeOQO<X)OOCM(>»05'X>05t«QO— 'OStOOt 
GO-r}'Tt*toCDCOtOGOOC-'^Tf<rftON}<tOTftOtOtOto^CO'^rfTf<>OTf'tO>OtOtO 

50.5 

0005O'5J<CStt-t~i-i050»00t~^t0^CCt~0>C0iMC0Q005'-'OiC-0^0iO'-'(N 

tOtoCOCCi<X)OtOtOTftOtO'^'tC'.^'tO«£lCOtOl»t-t^CCtO<£)CDtOCDCOt~t~t^ 

61.1 

I Barometer.  | 

p-'SCCOt-  tOOTt<OCSttOOTCOrrf<OOeOCOCMt~-D<Tf'^C»COO‘OOOt-CDr-iTt*eC 
(!C«00t0t^0000O'X)00t-0000000i050505OO<NCN'-iO00t-O'-'CN0»  CM 

00a>c350505c0005050505c»050505050j00000005a300000 

WGOO»CMCMOtCMOOCMCM<MCMi>»CMCMCMCMO»COG090eOCCCOCMCMOOGOCOCOeO 

1 

j 29.958 

1 Morning.  | 

1 Weather.  | 

very  fine 
same 

same 

fine 

showers 

dull 

rain 

very  fine 
same 
rain 

very  fine 
rain 
same 
showers 
same 
very  fine 
fine 

very  fine 
same 

same 

same 
hazy 
very  fine 
same 

same 

dull 

very  fine 
dull 

very  fine 
fine 

very  fine 

1 Hygrometer. 

^O»0t-'-HeCr-H0CCM  jrf  j ji-ir-HOt-rJ'CMO^CO'^OOCMTfNfCO'^OCtOO 

5.3 

00Q0O‘0C0CDC»r-0005'— 'OSOCMt-COCMOOOtCOOiCMSOTfOCOOtOCOeO'^ 
80TJ«lOtOtOtotoCOGOT}'»OTftO'';}*Tf''?J<tOtOtOtOtOtOtOtO»OtOtOtOtOtOtO 

to 

0100t0<Mt^Ci05OOOt005OCC00(»<J5CM-''J<00»0CDC0CDeCO(»0501Q0''i< 

tOtOiOCOtOtOtOtOtOTCtO-tftONl^Tj^iotOtOCOtOCOtOtOtOCOCOtOtOtOtOCO 

56.5  { 

1 Barometer,  j 

OOCMOCOCOOTftM^-'-'tOOOOOOtOiOCMtOSCtO.-'.-iTf  tOCJJOOONfOl^eC 
C»CMOC0i^Q000Ot-r}<C0000005<3505a501OO<M00CMO0000O'-'CMCM(M 

000050505cj00j050s05d50505010505000000050500000 

GCOCOOCMO>OtO<CO(MCMO<0<(M(MO<(MCMCMeCCOGOOOeCCO(MO^eCe09CGCqC 

29.980 

1822 

May. 

•-t0<C0-r}<»0«Db-(»0SO'-iCMeCTt<t0<Dt-000JO'-iCMC0T)<t0CDt»0005O'-' 

rt,_i„PH«.-'^^rH^CMCM(MCM(MCMCMCMCMCMCCSO 
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Means 

METEOROLOGICAL  JOURNAL. 


457 


2 L 


458 


METEOROLOGICAL  JOURNAL, 


1 

1 Weather.  j 

very  fine 
same 

same 

same 

same 

same 

same 

same 

lightning 

fine 

very  fine 

same 

same 

same 

rain 

fine 

very  fine 

same 

fine 

dull 

very  fine 

same 

dull 

fine 

very  fine 

shower 

very  fine 

rain 

very  fine 

same 

1 Hygrometer. 

j jt^OOTj*  jCS«00'>il<r}'iO>O«CrJ*Tf  jiO»0 

3.8 

»ctDtotoa)^o»tO'^coTfTf<coQOcri00ooec«ooo<x>or-»oooto<-iO'-'0 

iO»0»0»0»0t0lO»0«DC0tD»0»0»0Tj<-^Tj«»0»0'^»Ol0»0>0»0»0U5t0»C>0 

55.2 

l^r-'^W5Tj<lOC5tD>00>OtOOQOCDtOO»OOOOtOCDOS©IO'— IOW50COIO 
»0»0<X>CC>C0C0>0»CtDt~S0»0W5»0U3k0M5»0»0>0O»0CCiC0C0t£J»0«0»0»0 

05 

U5 

1 Barometer.  | 

irjto— ''-<OCN000500Tt<OO0i0CC0>-<O'^‘0tD(500ICD>CCD05C0i-ie0eC 
_^r-HrH.-i.-,OOOQ005000500>-iCXOQOO--i0050005'-i0500S 

0000000050J050005000000i0000  0005005005 

coocooso®ooococNCNO<eoscc>tccGoeocc8ocxeceooo<NCCccoi(WCM(W(N 

+ 

30.035 

I Afternoon. 

1 Weather.  j 

very  fine 
same 

same 

same 

same 

same 

same 

same 
shower 
thund  .storm 
very  fine 
same 

same 

shower 

same 

fine 

very  fine 
same 

same 

fine 

very  fine 
same 

same 

same 

same 

same 

same 

fine 

very  fine 

rain 

lygTometer.  j 

(»0»(NTfe0OTf<(»lCO<N»0<0t-O0STt‘t-O0J05000t0»00(>»i-<»0»Ct- 

4- 

16.2 

e<590W5C000.-H.-HQ0  00(WCCCCC0<35O05O90«0Tfb-l0t*OO'^00OOC>» 
»0C0>0I0»0<0»OtDC0t0t0U5»0U?»C':l*»0»O»0W5r}<W5»0«OtCC0'^t0»CtD 
+ 1 

56.3 

C0»0t~Or-''-il0O00«C«5000»eDOQ0TfOWC0C0CC(35CMC0SC05»0»00» 

t-t-t-OOOOOOl-OOl-OOt-tOt't-t'CDCOt-t^tOtOt^tOt't-t^tOCOCOtO 

72.6 

1 Barometer.  I 

tOlCa50t'0000000'-HOOOOOC>J»001»0000<»OT}<U5i-t<!OCT>000 
'0000500050005001'-'— <OQOO'-<0050-00^05000 

000000005050500050050000500005000005005 

eoW500CC50GOeOO»OtO»OOGCOtGO(NOO!MOOCMOOOOeCOtOC005C80CNOC!?< 

1 

30.018 

i Morning.  | 

Weather.  | 

very  fine 
same 

same 

same 

same 

same 

same 

same 

overcast 

heavy 

fine 

very  fine 
same 
showers 
fine 

very  fine 
same 

same 

same 

fine 

very  fine 
same 

thund.  sho. 
fine 

very  fine 
same 

same 

fine 

overcast 

same 

I 

o 

u 

£ 

»b-WTt'^O»0M00^Wt-U5C<(M00^05  00  Q0WOT<-i05^O|^OO^ 

9.8 

COOt^t-Ol— iOO'^rf<0'^»00050500'-i»-05t-GOCM00  05  05  »0'?f<00 
i0C0»0*0»0'0»0tDOC0»0»f5U5O-'^*Tj''?f»0»0»0'^»0CD«5»0‘Ci0»0«5U5 

1 

55.4 

COt-O-^O— i»OSCC>500eC— 'OOI— (CMOO‘0005COCCt-0050Tj<CD'-i 
OOt-b-t-t-COCOt-t-t-OCOOOOtOOtOO  »OCOOCDt-COOO  U50 

65.2 

1 Barometer.  I 

05«0»OCOOOr^OCOeOOOTj*»CO-<0»0000»Cir-05W5(NO— ‘O505»-I0 
— 05000000000— '^CM05  05— '-lOO^OOr^OlOl 

00000000505050000000005050005000000505 

C05O(»0O0O000<5O»0<Ot<WCO0OGO0C(»®>e0OtOi»«OMOtCOGOeOGO(»'OtO» 

30.054 

1823 

June. 

— ••0<<!OtI«'U5<0»-00050— '0^!»■'!^M50•^-<X>050— '05t»TH>0-Cfit-00050 

O « © w 
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s w 

SE 

E 

S E 

N 

NE 

NE 

SE 

S 

N 

S 

N 

E 

S E 

NE 

SE 

SW 

N 

W 

NW 

(S 

■rf<Ot-0'-iQOCO-^kOTHkO'— iCMl:'00C0O»C0<C^'rt*00CN05OO>— lOkkO'-H 
TfTfGO■^^■'^00  00■^Tf<kC■>!fOOGO'^Tf^COGOGO■T^•OOGOTfkCTf^^OkOTf<kOGOT^' 
****************************** 

1 1 

41.6 

6 

!-< 

D 

c 

V) 

b-kOo-cf<T#it-CDOOOCDOTfCNTt'OOOOCN->Ct<05COOCS>TfTt<CDO»COOTt< 
G000rf->^kO'ct<G0G0050500G0OO(y«>-H03'-irH030<CNOOCM'-'<»05  05l> 

117.1 

& 

a 

0»t-GCC35QOGO<><0'-'CDOOOOrf‘0500b-<>»T)<TfTfOOt-i-'CD>-i(NkCO 

»Orf'^'<3"'^Tj'-<^ikCkOkC»OG0G0»OTf<'^G0TfkO'^'Tf»O»O‘OkOkOkOkCTj'kO 

48.3 

1 M.X.  1 

t~CD05i!S»Tft»CDGO'^000<OOC«0»000(N'^t-'^'-''^COt-005»00 

t'^t-XOOOOt-QOOOOOOt-OOOOt'k't^COt'CDCOl-fr-t't^t^t-CDCDt- 
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Night.  1 

Weather.  j 

very  fine 
dull 
fine 

thund.storm 

rain 

fog 

very  fine 

overcast 

rain 

fine 

rain 

showers 

fine 

very  fine 

overcast 

rain 

very  fine 

lightning 

very  fine 

same 

showers 

dull 

rain 

overcast 

very  fine 

same 

rain 

fine 

rain 

very  fine 

same 

1 Hygrometer.  | 

l«  1 1-  1 l«  1-  11.-  1 1 1-  1-  1 1 1 1 

- 

Ot-«OOOOTt*rt<050<OOrfeCCOOt-t«CN  'OSOOb-OOOOOOO 

»O»0»0«0‘C»Ot0>OC0CCiCD»0i0»0C0»C»O«OC0CDW5»0«D»C»0»C»0CO»0‘0>O 

57.4 

CO  1-1  eo  ©0  00  rt«/i-i  locOi-it-t-wi-Hi-iosO'-ioaot-oooQOi-'i-i 

»oco»oco»ouycD>ocDcoco»o>o»oto>o»ocococoM5cococo»o»o»oco‘0»o>o 

58.5 

1 Barometer.  | 

»ooot-QOo»ooO'^»o‘Or-iiot-o(3io»ocDoo5eceor}<r-(GOioco>oeci-i 
Ot-0>00t-Oi-ii-'0500T(*b-0505Q0C0t-»0^  kO»OQOCOCDt-t-CDTji»OCO»- 

0050i0505000050505050>0s05010i050j05050505a>0s05050505c550i 

eCO<O<0^OteceO0C(NCM0jlCN0'tCM(NC>»O»O»(NOt<NCMOtCMCNCMOt<NO»O<<N 

29.751 

1 Afternoon. 

Weather.  | 

very  fine 
fine 

very  fine 
same 
rain 

clearing 
very  fine 
same 

same 
very  fine 
rain 

very  fine 
same 

same 

overcast 
very  fine 
showers 
very  fine 
same 
showers 
rain 

very  fine 
rain 

very  fine 

same 

showers 

very  fine 

showers 

thund.storm 

very  fine 

same 

Hygrometer.  | 

Olt-O^  JtO^OOt-^  JOOCXphc^OO 

4- 

7.5  j 

t-00  00O‘CCDTj<t-CNO0»i!ji0*»COO0»t-^G00'»00<-iOCD<N00>-'»-iTf<-H 

Tj«  lOOCOCO  *0»0»0C0C0C0  »0  »0»OCO  MSCO  >ocococo  »ococo  »oco»ococo  >o»o 

1 

57.9 

C0»000'-<‘00<00i00>'-<0»W500OC0'r!<»-O05Tf(N00»0t-t-CS»CD<!C(MCD05 
cococot— cococococot-cDCDCot— cococot»cocococotococococo^cc>»o»o 

65.5 

1 Barometer,  j 

Q0C0»0CMt-(y»»0rrQ0-^SCQ0Ot-W05-HQ0.-iC00t0580'TfCD00'cf00— 1»0»0 
O000505C001C»-i0500C0''tf*a)0S00C0t-C0t0rS<»0*^C0C0COt-l-rt<»0»0C0 

0050>050>0>000505050s0>c3i05010505050>010505050505050j050505 

OOOCCNOtCNOteOG(5CNCMO<<N(M<N<NOtCNCNC^OtO<C^C>tOt(NCNO»(>«OtCMCS» 

29.746 

Morning.  1 

! Hygrometer.  \ Weather.  | 

very  fine 
same 

same 

same 

rain 

fog 

very  fine 
overcast 
very  fine 
showers 
overcast 
very  fine 
same 

same 

same 

same 

rain 

very  fine 
rain 

very  fine 
showers 
dull 

showers 

same 

same 
very  fine 
same 
showers 
overcast 
very  fine 
Lhund.  sho. 

OOCC'^  j j<NO»Tj*i-«t-0»0^'^»0— irl*  J0<1— ieOCXO<i-iCOO— ‘CM»OCO 

4.5 

Oi-^OCCOCi-Ot-OlCMt-CO— i0»»0t-05CCr-iCM0CO.— (CNC00*5O05»00» 
»o»o»ococo»c>o»o»cco»o»c»o»oio»o»ococococccocDcoco»o»oco»o»c»o 

+ 

57.2 

O^OOCOSCt—  CNOJOCeCTtiOOi— iCMO>(NOt-i-'Tt<COCOCOSCS*5C<»0<5^-HOOO 
COCOCOCDCO'OCOIOCOCOCO  »OCOCO»OCOCOCOCOCOCOCOCOCOCOCOCOCOCOCOU5 

67.7 

Barometer.  I 

0»C00^0040»0CDW5i0G0G0Q0CD^'^00C0^U^Q0-^CDi0>OC0C0C0O00C^t^ 

005050505C500p0505050500i<3505010S05050505050505050505050> 

©COtOtOCCMCMOOOCOOOtOtO^CNGCOtCMCNC.OtCMCMOtOtOtOtONOCO'tOtOtOt 

1 29.752 

1822 

July. 

p.-OtCOrt'tOCO't-OOOSO'— i(N©OTf»OCOl—  QOOlOi— 'CMGOrfiOCOt—  00C5O-^ 
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Wind.  1 

0) 

:S.2§:3i:3|§m.2|22S5^22.2  525S:S 
•,2 .2  ^5  g i2  '5  ■'S  ^ ^ 'S  .S  ^ ■'3  ^ 'S  '2  rO  ■'S  ’-S  '3  ‘-S  4 

> 

J o o o o o 

3 T3  T3  TJ  TS 

1 Direction.  | 

N 

S W 

w 
s w 
s 

N 

N W 

s w 

NW 

N 

NW 

SE 

N 

S W 

s 

w 
s w 

11^1^ 

Temperature.  I 

Rad.  1 

»nO'-'0^Tt*■-l®5«0C0I0O0iQ0T^»0»0T^'^-F-lp-lT}^O00— IGOQOIOOOOOOOQO 
OOTi*r#<kO»OTfTf<»0>CTt'>OTf»eOGC»CM5'^lO»0»0»0»0»0>CTt*OOIOTt<Tj<OOGO 
******************************* 

1 

47.2 

a 

cn 

OO'^'^OOTf<O'^CDTt<Tf<00'-'00O(MTt<CMTj'00e0Oe0(5CrJ'(S0C0©<05C0 
OSO'-^'-'OOt-'-iOOOOOOOCMO— <0500l350005t~0500000500t-t'  00 

>o 

05 

i 

COOO— <COT(‘00>-'t~t~Tt'OOCOt~b-  V5— it~t->OCOt~QOt~OOS>OSCCMCOCO 
Tt<Tj<»o»oiO'^‘o»o>o»o>o»o'Tt<'^»o»o»o»o»oio»o>o»o>o»0'^»o»o»0'<a‘'^ 

1 

52.4 

g 

1 

00C0O<»»00C0505'-'G0C0C000>-<05t~00'-'0i05t-OC0050i»000C0Q0CMO 

COCOt~l:»COCOCOCOt-t-COCDCOl~COCOCDk~COCOCOfc»COCOCOCOCOCOCOCOCO 

4- 

67.7 

1822 

July. 

•— i0>»e0Tt<»0«0t-Q00iO'— iCMG0Tf<»0C0t-00  05O'— iCMGCTpROCOi^QOOJOr^ 
F-lr—  r-ti-tr-ti-«i-<i-i.-ir-<CMCMC>ICM(MCMO<CMCMO<GOOCi 

o « © « 
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Night.  1 

j Weather. 

rain 

very  fine 
fine 
same 

same 

dull 

very  fine 

same 

same 

dark 

rain  . 

same 

very  fine 

rain 

very  fine 

same 

same 

same 

same 

same 

shower 

same 

very  fine 

rain 

same 

very  fine 

rain 

same 

fine 

same 

very  fine 

• 

1 Hygrometer.  j 

1 1^  , |C^  ,coo.'|  1-  1 1 1-  1 |C.  ) 1 

6*0 

CN00tDTf'^t~Q0Q0(35t-050iQ0r-0000e0e<500OC0C0S0fr--?#<(MC»(31»C>C»0 

»OTf»0»0‘0»0‘0>0»0>OiO»0»C»OTf<»OCDtC)‘OCOCO<X>»0»0»C»C»0>0»0>0»0 

1 

56.9 

CNOOb-rfTt'OSOSOO^OIOasOt'Tt'OWeOOSOCOtOiOt'Tf'Tt'OOCJCOtOlO 

iCTriOkotoic»o>o«cicototocoLo»ccotocc>»cco;otD»o»o»cto»ow2»oio»o 

57.9 

1 Barometer.  | 

l/5__HCOO»>-iCCl^tD-—  OS-SCCOmOt-OlOSO*— 'COOOOO'>^4J<0».-h— IQO 
t^0505«^050000t'00t~000ic005^^0000>000>'x)c0t^  »OTf»Ot-00 

0i050505050005050505050i050100000050505050i05c310j050505 

0<(MCMOtCN(JOGCO<CMO»CMCMCMOIOtOCCOC05080(?tC>tO»0<<M(XO<<>t<NO»(>» 

29.843 

Afternoon. 

Weather.  | 

very  fine 
hail 
fine 

very  fine 
same 

overcast 
very  fine 
same 

same 

fine 

very  fine 
same 
rain 

overcast 
very  fine 
same 

overcast 
very  fine 
same 

same 
haze 
very  fine 
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ON  THE  TRADE  WINDS : 


CONSIDERED 

WITH  REFERENCE  TO  Mr.  DANIELL’S  THEORY  OF  THE 
CONSTITUTION  OF  THE  ATMOSPHERE. 

In  a Letter  from  Captain  Basil  Hall,  R.N.,  F,  R,  S. 


Edinburgh^  \9th  January y 1827. 

My  DEAR  Sir, 

As  you  wished  to  have  in  writing  the  sub- 
stance of  my  remarks  during  our  last  conversation, 
I have  thrown  them  together  for  you  in  the  following 
letter ; and  though  they  go  but  a short  way  to  ex- 
haust the  subject^  I trust  they  may  be  of  use  to 
you  in  your  very  interesting  speculations  on  me- 
teorology. 

Many  persons  have  a very  distinct,  but^  as  I 
conceive,  a very  erroneous  conception  of  the  Trade 
Winds.  This  idea,  which  has  been  acquired  at 
school,  subsequent  reading  will  probably  have 
tended  to  confirm  ; it  is,  that  in  north  latitude  these 
winds  blow  always  exactly  from  N.E.,  and  in  south 
latitude  exactly  from  S.E.  Some  people,  again, 
have  merely  a vague  recollection  that  the  Trades 
blow  from  the  eastward : while  very  few  persons, 
probably,  are  fully  aware  of  the  real  state  of  the 
fact ; and  it  was  this  belief  which  induced  me  to 
bring  the  subject  to  your  notice.  It  is  true  that 
there  is  hardly  any  thing  stated  here  which  is  not 
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somewhere  or  other  adverted  to  in  your  Essays, 
either  directly,  or  by  implication ; but  still  I con- 
ceive your  general  doctrines  may  receive  support 
from  the  practical  illustrations  which  professional 
occupations  have  thrown  me  in  the  way  of  ob- 
serving. 

Professional  men,  as  you  well  know,  are  so  apt 
to  overrate  the  importance  of  their  own  topic,  that 
I hope  you  will  indulge  me  with  a little  rope,  in  my 
endeavours  to  explain  one  of  the  most  curious,  and, 
at  the  same  time,  practically  useful  phenomena  in 
nature.  On  the  other  hand,  I am  so  well  aware 
that  it  is  often  difficult  for  readers  to  understand 
subjects  which  lie  much  out  of  the  ordinary  line  of 
their  thoughts,  that  I shall  endeavour  to  render  the 
whole  as  simple  as  possible ; indeed  my  only  fear 
is,  that  I may  be  accused  of  being  too  elementary. 

It  is  a remarkable  circumstance  in  the  history  of 
meteorology,  that  some  of  the  highest  authorities 
should  assign  a totally  erroneous  direction  to  these 
winds.  I may  instance  in  particular  the  Chart 
given  in  Dr.  Young’s  “ Natural  Philosophy,”  where 
some  of  the  most  striking  facts  of  the  case  are  alto- 
gether misstated.  On  the  other  hand,  it  is  curious 
enough  that  the  best  account,  not  only  of  the 
Trades,  but  of  every  other  wind,  is  to  be  found  in 
the  works  of  Dampier,  under  the  express  head  of 
an  Essay  on  Winds  and  Currents.  Undoubt- 
edly, the  facts  which  he  has  so  skilfully  arranged, 
might  be  picked  out  of  the  works  of  Cook  and  other 
voyagers ; but  Dampier,  whose  means  were,  be- 
yond all  comparison,  less  than  were  enjoyed  by  his 
successors,  had  the  merit  of  condensing  and  sepa- 
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rating  his  information  in  such  a way,  as  not  only  to 
render  it  available  to  practical  men,  but,  from  the 
simplicity  of  the  composition,  to  make  his  writings 
agreeable  to  every  class  of  readers.  To  persons, 
therefore,  who  wish  a more  detailed  account  of  the 
different  Tropical  winds  than  I can  give  you  here, 
I can  recommend  nothing  more  satisfactory  than  the 
Essay  alluded  to  by  this  prince  of  all  voyagers, 
though  published  more  than  a century  ago. 

In  modern  times,  by  far  the  most  extensive  and 
exact  account  of  the  winds,  especially  of  those 
blowing  between  the  Tropics,  is  contained  in  Hors- 
burgh’s  book  of  “ East  India  Directions,” — the 
most  valuable  gift,  perhaps,  which  well-directed 
industry  has  bestowed  upon  modern  navigation.  I 
may  be  excused,  I hope,  for  using  these  strong 
terms,  when  I mention,  that  under  the  sole  guidance 
of  this  volume,  I have  sailed  over  more  than  a hun- 
dred thousand  miles  of  the  earth’s  surface, — some- 
times in  the  dark, — sometimes  in  stormy  weather, 
— and  frequently  when  not  a single  soul  on  board 
had  ever  visited  the  spot.  Yet  in  proportion  as  my 
local  knowledge  became  matured,  and  I could  judge 
of  the  subject  from  what  I had  actually  seen,  the 
more  unlimited  my  confidence  became  in  the  autho- 
rity of  this  admirable  navigator. 

The  only  general  assertion  that  can  be  made 
with  respect  to  the  Trade  Winds,  as  far  as  their 
direction  is  concerned,  is,  that  they  blow  more  or 
less  from  the  east  towards  the  west.  Even  this, 
however,  is  not  universally  true.  Neither  are  they 
alike  on  both  sides  of  the  Equator ; nor  do  they  ex- 
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hibit  the  same  aspect,  at  different  seasons  of  the 
year,  on  the  same  spot. 

I shall  first  glance  at  the  received  ideas  upon  the 
subject,  and  then  describe  the  actual  state  of  the 
facts  as  I have  observed  them  ; after  which,  I shall 
endeavour  to  give  the  laws,  which  regulate  these 
singular  phenomena,  a place  in  your  imagination, 
by  a theoretical  consideration  of  their  cause. 

I may  mention  that  these  views  having  suggested 
themselves  to  ray  mind  before  I met  with  your 
book,  I had  intended  to  publish  some  notice  re- 
specting them : on  seeing,  however,  the  complete 
manner  in  which  you  had  exhausted  the  subj  ect,  I 
abandoned  my  intention ; and  I only  resume  it  now, 
as  you  seem  to  think  the  corroboration  of  a practical 
man’s  opinions  may  help  to  substantiate  the  truths 
which  your  sagacity  and  industry  have  deduced 
theoretically. 

A few  words  will  serve  to  describe  the  common 
notions  upon  the  subject. — The  north-east  Trade 
Wind  is  conceived  to  blow  from  the  exact  north- 
east point,  nearly  to  the  Equator,  when  it  takes  a 
graceful  bend,  and  blows  more  and  more  from  the 
east  point,  till  at  length  it  becomes  parallel  to  it ; 
that  is,  blows  from  due  east.  The  south-east 
Trade,  in  like  manner,  is  supposed  to  blow  at  first 
precisely  at  south-east,  or  at  an  angle  of  45°  with 
the  meridian,  and  at  last  to  assume  an  exact  paral- 
lelism with  the  Equinoctial  Line*.  This,  how- 
ever, is  altogether  erroneous.  The  real  state  of 


*■  See  the  Chart  in  Dr.  Youngs  “Natural  Philosophy.” 
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things  is  as  follows.  The  Trade  Winds  in  the  Atlan- 
tic and  Pacific  ocean  extend  to  about  twenty-eight 
degrees  of  latitude  on  each  side  of  the  Equator^ 
sometimes  a degree  or  two  farther ; so  that  a ship, 
after  passing  the  latitude  of  thirty  degrees,  may  ex- 
pect every  day  to  enter  them.  It  will  perhaps  assist 
the  apprehension  of  the  subject,  to  suppose  our- 
selves actually  making  a voyage  to  the  Cape,  first 
outwards,  and  then  homewards ; by  which  means 
we  shall  have  to  cross  each  of  these  winds  twice. 
Shortly  after  leaving  Madeira,  which  is  in  we 
get  into  the  Trades,  and  instead  of  finding  the  wind 
blowing  from  N.E.,  as  the  accounts  would  lead  us 
to  suppose,  we  shall  find  it  blowing  from  east,  or 
even  sometimes  a little  southerly.  You  are  seaman 
enough  to  be  aware  that,  with  the  wind  at  east,  a 
south  course  can  readily  be  steered,  first  towards 
the  Canaries,  and  then  to  the  Cape  de  Verd  islands. 
It  is  the  most  approved  practice,  I think,  to  pass 
just  within  sight  of  these  islands  to  the  westward 
of  them ; that  is  to  say,  leaving  them  on  the  left 
hand.  As  the  ship  advances  to  the  southward,  she 
finds  the  Trade  Wind  drawing  round  gradually 
from  east  to  north-east,  and  finally  to  north-north- 
east,  and  even  north  at  the  southern  verge  of  the 
north-east  Trade.  This  last-named  or  northern 
direction,  it  will  be  observed,  is  at  right  angles 
to  that  usually  assigned  to  it — due  east,  near  the 
Line.  The  southern  limit  to  the  north-east  Trade 
Wind  varies  with  the  season  of  the  year,  reaching 
at  one  time  to  within  three  or  four  degrees  of 
north  latitude,  and  at  other  times,  not  approaching 
it  nearer  than  ten  or  twelve  degrees  ; but  it 
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never  crosses  the  Equator  and  enters  the  southern 
latitudes.  It  will  aid  the  memory  in  this  matter,  to 
bear  in  mind  that  the  line,  which  limits  or  marks 
the  termination  of  this  Trade  Wind,  follows  the 
sun.  In  July  and  August  it  recedes  from  the 
Equator^  in  pursuit,  as  it  were,  of  the  sun ; while 
in  December  and  January,  when  the  sun  has  high 
southern  declination,  it  reaches  almost  to  the  Line. 

' The  great  difficulty  of  the  outward-bound  voyage 
commences  after  the  ship  is  deserted  by  the  N.E. 
Trade,  as  she  has  then  to  fight  across  a consider- 
able range  of  calms,  and  of  what  are  called  the 
“ variables/’  where  the  wind  has  generally  more  or 
less  southing  in  it.  At  certain  seasons  it  blows 
freshly  from  the  S.S.W.,  and  greatly  perplexes  the 
young  navigator,  who,  from  trusting  to  published 
accounts,  expects  to  find  the  wind,  not  from  south, 
but  from  east.  This  troublesome  range  varies 
in  width  from  150  to  550  miles  ; is  widest  in  Sep- 
tember, and  narrowest  in  December  or  January. 
I speak  now  of  what  takes  place  in  the  Atlantic ; 
for  it  is  not  quite  the  same  far  at  sea  in  the  Pacific 
Ocean,  where  fewer  modifying  circumstances  inter- 
fere with  the  regular  course  of  the  phenomena,  than 
in  the  comparatively  narrow  neck  formed  by  the 
protuberances  of  Africa  and  South  America. 

I may  remark  in  passing,  that  it  is  upon  a know- 
ledge of  these  deviations  from  the  general  rule, 
which  we  are  pleased  to  call  irregularities,  that 
much  of  the  success  of  tropical  navigation  depends. 
A seaman,  who  trusts  to  theory  alone,  will,  in  all 
probability,  make  a bad  passage ; while  another, 
who  relies  solely  upon  past  experience,  will  pro- 
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bably,  if  the  season  happens  to  be  different^  do 
quite  as  badly.  The  judicious  navigator  will  endea- 
vour to  unite  the  two ; and  having  attentively  stu- 
died the  theory  of  his  subject^  and  sought  to  reduce 
every  case  to  its  principles,  checking  these  from 
time  to  time  by  fresh  experience^  may  be  able, 
when  occasions  arrive  where  his  own  knowledge  or 
that  of  others  entirely  fails  him,  to  take  that  course 
which,  all  things  considered,  is  most  likely  to  serve 
the  purpose  he  has  in  view. 

I knew  an  officer  who  was  ordered  to  cruize  in 
the  Mozambique'  channel,  between  Africa  and  Ma- 
dagascar, until  a certain  day,  and  then  to  proceed 
to  the  Isle  of  France.  At  the  time  appointed  he 
sailed  to  the  northward  ; but,  though  he  proceeded 
nearly  to  the  Line  in  search  of  a N.W.  wind,  he 
could  not  make  a bit  of  easting ; and,  after  six 
weeks  of  ineffectual  struggle  between  the  north 
end  of  Madagascar  and  the  Equator,  he  was 
obliged,  for  want  of  water,  to  run  for  a port  in 
Africa,  where  he  lost  the  half  of  his  crew  by  sick- 
ness, and  was  compelled  to  bear  up  at  last  for  the 
Cape  of  Good  Hope,  and  the  whole  object  of  his 
mission  was  defeated.  Unfortunately,  while  he 
knew  nothing  of  the  theory  of  these  subjects,  he 
had  heard,  in  a general  way,  that  north-westerly 
winds  occasionally  blew  in  that  quarter,  between 
the  Trade  Winds  and  the  Equator.  He  was  right, 
indeed,  as  to  the  fact,  but  wrong  as  to  the  season. 
A very  slight  knowledge,  however,  of  the  principles 
which  regulate  the  winds,  might  have  taught  him 
that  the  irregularity,  of  which  he  hoped  to  take 
advantage,  would  probably  not  have  occurred  at 
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that  particular  season^  and  that  he  ought  to  have 
gone,  not  to  the  north,  but,  in  the  opposite  direc- 
tion, to  the  southward,  where  he  would  certainly 
have  found  a fair  wind.  Had  he  done  so,  a fort- 
night or  three  weeks  would  have  placed  him  in  the 
port  he  wished  to  reach. 

But  I am  forgetting  our  voyager.  We  had 
reached  that  spot  where  the  N.E.  Trade  Wind  left 
us  rolling  about  in  a dead  calm,  or  with  only  an 
occasional  violent  squall,  accompanied  by  deluges 
of  rain,  in  a climate  so  hot  that  the  slightest  cat’s- 
paw  of  wind  is  hailed  with  the  utmost  delight.  In 
process  of  time,  the  ship,  by  taking  advantage  of 
every  such  puff  of  wind,  gets  across  this  trouble- 
some stage  of  her  journey,  and  meets  the  S.E. 
Trade.  It  is  very  material  to  remark  that  this  wind 
does  not  blow  from  the  east,  as  the  navigator  is  led 
to  expect,  or  in  a direction  parallel  to  the  Equator, 
and  which  would  be  to  him  a fair  wind ; but  it 
meets  him,  as  it  is  emphatically  termed,  smack  in 
the  teeth.  Instead,  therefore,  of  steering  away 
S.,  or  S.S.E.  for  the  Cape  of  Good  Hope,  he  is 
obliged  to  keep  his  wind  as  closely  as  possible,  and 
he  may  think  himself  fortunate,  in  a dull  sailer,  if 
he  can  clear  the  coast  of  Brazil  without  making  a 
tack.  As  he  proceeds  on,  however,  the  wind 
gradually  hauls  to  the  south-eastward,  then  to 
E.S.E.,  and  at  last  E.,  at  the  southern  limit  of  the 
Trade  Winds  properly  so  called.  Here,  after  a 
little  baffling  weather,  he  is  almost  certain  of  find- 
ing westerly  winds,  which  prevail  in  the  latitudes 
beyond  the  Trades  in  both  hemispheres. 

Such  are  the  phenomena  most  generally  observed 
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with  respect  to  the  regular  Trade  Winds  outward- 
bound.  We  shall  now,  in  order  to  make  things 
quite  clear^  invert  the  order  of  the  voyage,  and  sup- 
pose the  ship^  after  having  reached  the  Cape  of 
Good  Hope,  to  turn  back  again.  At  first  she  may 
be  plagued  with  westerly  and  north-westerly  winds  ; 
but  she  will  generally  be  able  to  stretch  into  the 
Trades,  where  she  will  at  first  find  the  wind  hang- 
ing far  to  the  east,  and  it  may  even  have  some 
northing  in  it  at  first.  As  she  proceeds  onwards  to 
St.  Helena,  which  lies  directly  in  the  track  of  home- 
ward-bound ships,  the  wind  will  draw  to  the  east, 
— east- south-east, — south-east,  — and,  eventually, 
to  south-south-east.  At  crossing  the  Equator,  it  will 
probably  be  blowing  from  due  souths  and  not  (I 
must  again  beg  you  to  take  particular  notice)  from 
due  east,  as  we  are  generally  led  to  suppose.  After 
reaching  three  or  four  degrees  of  north  latitude,  the 
ship  will  lose  the  south-east  Trade,  and  re-enter  the 
“ variables,”  where,  when  it  is  not  calm,  she  will 
generally  find  light  southerly  winds,  and,  at  one 
period  of  the  year,  namely,  about  July  and  August, 
blowing  briskly  from  the  south-west,  as  far  as  ten 
or  twelve  degrees  of  north  latitude.  At  other  sea- 
sons, especially  when  the  sun  is  near  the  Line,  a 
ship  may  expect  light  winds  from  all  quarters  of  the 
compass,  long  calms,  and  now  and  then  a furious 
squall,  with  deluges  of  rain.  But,  at  every  season 
of  the  year,  the  homeward-bound  passage,  or  that 
from  the  southward,  is  much  easier  made  than  the 
reverse. 

On  reaching  the  southern  limit  of  the  N.E.  Trade 
Wind,  the  seaman  finds  the  wind  blowing  in  his 
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face  from  the  north,  (exactly  as  he  formerly  met  the 
S.E.  Trade,  blowing,  not  from  east,  but  from  the 
south  Pole,)  and  is  obliged  to  stretch  away  to  the 
W.N.W.  at  first,  and  then  N.W.,  as  if  he  were 
going  to  the  United  States  of  America — not  to 
Europe.  As  he  sails  on,  and  gets  more  into  the 
Trade,  it  draws  round  gradually  to  N.E.  and 
E.N.E.,  which  allows  of  his  ‘‘  coming  up  ” more 
and  more  every  day,  till  at  length  he  can  steer 
north, — and  even  north-east ; so  that  he  is  enabled 
frequently  to  look  up  ’’  for  the  Azores  or  Western 
Islands.  ‘ By-and-by  he  bids  adieu  to  the  N.E. 
Trade,  in  about  28  or  29  degrees  of  north  latitude, 
as  he  formerly  did  of  the  other  Trade,  in  the  cor- 
respondent degree  south.  In  like  manner  also  he 
will  now  almost  always  meet  with  westerly  winds, 
which  will  carry  him  to  the  Channel.  It  may  be 
remarked  by  the  way,  that  these  westerly  winds 
are  not  so  regular  as  they  are  in  the  southern 
hemisphere,  owing  probably  to  the  comparative 
absence  of  land,  which  enables  the  general  prin- 
ciple, by  which  the  winds  are  produced,  to  act 
there  with  greater  uniformity=^. 

If  these  descriptions  have  been  rendered  suffi- 

* The  number  of  days  required  by  the  packets  between 
Liverpool  and  New  York,  to  make  the  passage  outwards  and 


homewards,  places  this  in  a striking  point  of  view  : 

The  average  of  the  whole  of  the  passages  made  by 
the  packets,  in  six  years,  from  Liverpool  to  New  York, 
that  is,  from  east  to  west,  is  40  days. 

The  average,  during  the  same  period,  of  the  same 
vessels  from  New  York  to  Liverpool,  or  from  west  to 
east,  is 23  days. 


— See  HodgsorCs  Letters  on  North  Americay  vol.  ii.  p.  345. 


ON  THE  TRADE  WINDS. 


475 


ciently  intelligible  to  a person  who  has  not  before 
considered  the  subject,  I think  he  will  be  in  a 
situation  to  comprehend  the  theory  ; and  when  that 
is  duly  fixed  in  his  imagination,  he  will  find  it  use- 
ful to  go  back  again  to  the  facts  stated  above,  with 
sharper  powers  of  observation,  and  a judgment  more 
fitted  to  arrange  and  generalize  these  materials  to 
good  purpose.  To  persons  indeed  already  ac- 
quainted with  your  admirable  Meteorological 
Essays,”  much  of  what  follows  will  appear  super- 
fluous ; but  I prefer  giving  my  own  views,  without 
reference  to  your  book,  (which  I had  not  seen  at  the 
time  I conceived^  the  following  explanations,)  in 
order  to  keep  up  the  connexion  between  my  expe- 
rience and  the  theory  actually  suggested  thereby 
at  the  time. 

It  may  be  right  to  state,  however,  that  I by  no 
means  pretend  to  assert  that  these  ideas  have  any 
claim  to  originality ; for  there  are  some  treatises  in 
which  parts  of  the  theory  are  to  be  found,  though  I 
am  not  acquainted  with  any  work,  antecedent  to 
yours,  which  accounts  for  the  direction  and  force  of 
the  winds  on  principles  applicable  to  practice. 

The  most  elaborate  work  I am  acquainted  with 
on  these,  subjects,  is  Col.  Capper’s  “ Observations 
on  the  Winds  and  Monsoons,"’  printed  in  1801. 
But  he  never  once,  as  it  appears  to  me,  throughout 
his  work,  assigns  the  right  cause  for  the  pheno- 
mena, which,  in  most  cases,  he  describes  extremely 
. well.  Dr.  Halley’s  theory  of  the  wind  following 
the  course  of  the  sun  in  his  diurnal  motion  to  the 
west,  (which  Col.  Capper  quotes,)  is  equally  un- 
satisfactory. - In  describing  the  trade  winds  of  the 
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Atlantic^  Colonel  Capper  errs  essentially  in  several 
particulars,  especially  where  he  says  that  the  north- 
east perennial  extends  sometimes  to  four  or  five 
degrees  south  of  the  Equator  ; which,  I believe,  it 
never  does*. 

If  air,  at  any  particular  spot,  be  heated,  it  be- 
comes specifically  lighter  than  the  adjacent  cooler 
parts,  and  consequently  rises ; while  its  place  is 
speedily  occupied  by  the  contiguous  less  rarefied 
or  colder  air.  Now  the  region  of  the  globe  lying 
between  the  Tropics,  or  we  may  say  between 
thirty  degrees  on  each  side  of  the  Equator,  being 
exposed  to  the  most  direct  rays  of  the  sun,  becomes 
heated  ; and  the  air  in  contact  with  this  belt  or 
zone  becoming  rarefied,  rises  with  more  or  less 
rapidity,  according  to  the  circumstances  under 
which  the  earth  is  situated.  Where  an  open  ocean 
is  found,  the  incumbent  air  will  be  less  heated,  as 
in  the  Pacific,  than  where  districts  of  dry  earth  are 
found,  as  in  Mexico  for  instance.  ' The  partial 
vacuum  thus  formed  will,  in  both  hemispheres,  be 
supplied  by  the  adjacent  air  lying,  we  shall  sup- 
pose, between  the  latitudes  of  thirty  and  fifty 
degrees.  If  this  be  admitted,  most  of  the  pheno- 
mena of  the  Trade  Winds  will,  I conceive,  be 
readily  explained.  It  must  be  granted,  however, 
before  proceeding  farther,  that  a volume  of  air  put 
into  motion  is,  like  every  other  body,  possessed 
with  a momentum,  which  will  continue  that  motion 
till  stopped  by  its  friction  against  the  fluid  through 
which  it  is  propelled,  or  by  that  of  the  surface  of  a 
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solid  body  along  which  it  may  be  impelled.  Any 
one  who  has  observed  the  ring  of  smoke  sometimes 
projected  from  the  mouth  of  a cannon  will  under- 
stand this  ; or  the  familiar  experiment  of  blowing 
out  a candle  by  means  of  the  air  forced  from  an 
uncharged  gun,  by  means  of  one  of  the  copper 
priming  caps,  affords  ample  illustration  that  a mass 
of  air  once  put  in  motion,  will  retain  that  motion 
like  any  other  portion  of  matter. 

The  velocity  of  the  earth’s  rotation  at  the  Equator 
is,  in  round  numbers,  1000  miles  an  hour  : at  lati- 
tude 30°  it  is  about  860,  or  about  140  miles  an 
hour  slower.  The  average  velocity  of  the  earth’s 
easterly  motion,  in  the  space  between  the  Equator 
and  latitude  30°,  may  be  stated  at  950  miles  an 
hour ; while  that  of  the  belt  lying  between  thirty 
and  forty  degrees,  is  not  much  above  800  miles  an 
hour^. 

The  superincumbent  air  at  these  places  respec- 
tively, supposing  no  difference  of  temperature  to  exist, 
would  of  course  partake  of  the  earth’s  velocity,  and 

* If  the  Equator  be  supposed  to  move  at  the  rate  of  1000 
miles  an  hour,  the  different  parallels  of  latitude  will  move  at 
the  following  rates,  which  are  to  1000,  as  the  cosine  of  the  lati- 
tude to  radius. 


Latitude. 

Velocity  per  Hour. 

Latitude. 

Velocity  per  Hour. 

o 

o 

0 

1000 

50 

643 

10 

985 

60 

500 

20 

940 

70 

342 

30 

866 

80 

174 

40 

766 

90 
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there  would  be  an  universal  calm.  But,  if  we  sup- 
pose the  Tropical  region  to  be  heated,  the  air  over 
it  will  instantly  ascend,  and  take  its  station  above 
the  cold  ; while  the  colder  and  more  dense  air  lying 
beyond  the  Tropics  will  rush  in  to  occupy  its  place, 
below  that  which  has  been  heated.  This  hardly 
needs  illustration  ; but,  as  I have  more  than  once 
met  with  people  who  did  not  immediately  see  the 
consequences  which  follow  from  placing  two  fluids 
of  different  density  side  by  side,  I may  suggest  the 
experiment  of  a trough_,  divided,  by  a sluice  in  the 
centre,  into  two  spaces_,  one  of  which  may  be  filled 
with  water^  the  other  with  quicksilver  ; both  fluids 
will  of  course  be  at  rest  until  the  sluice  be  drawn 
up,  when  the  heavier  fluid  will  instantly  rush  in 
beneath  the  lighter,  and  the  lighter  will  flow  along 
above  the  quicksilver.  If^  instead  of  these  fluids, 
we  substitute  hot  and  cold  water,  the  same  thing 
will  take  place,  the  cold  always  flowing  under 
the  hot,  towards  the  place  formerly  occupied  by  the 
lower  strata  of  the  heated  fluid  ; while  the  heated 
portion  flows  along  over  the  cold,  towards  the  place 
formerly  occupied  by  the  upper  strata  of  the  cold 
fluid.  Exactly  the  same  thing  will  take  place  if 
two  portions  of  air,  at  different  temperatures,  be  the 
contiguous  fluids ; though  the  phenomena  will  not 
now  strike  the  senses  so  strongly. 

It  would  not  be  difficult,  I conceive,  to  have  a 
globe  fitted  with  a contrivance  which  should  repre- 
sent the  operation  of  the  Trade  Winds  ; and  perhaps 
a description  of  such  an  . apparatus  will  be  as  ready 
a method  as  any  other  of  explaining  my  views  of  this 
theory.  Having  taken  acommon  globe,  I would  inclose 
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its  tropical  region  from  thirty  degrees  north  to  thirty 
degrees  south,  in  a glass  zone  or  coating  concentric 
with  the  globe,  and  also  each  of  the  belts  lying 
between  the  latitudes  of  thirty  and  fifty  degrees 
in  like  manner,  with  distinct  cases  placed  respec- 
tively in  close  contact  with  the  tropical  glass 
coating,  and  divided  from  it  by  partitions  remove- 
able at  pleasure ; I would  fill  the  tropical  case  with 
hot  water,  and  the  middle  latitude  cases,  or  those 
embracing  the  space  contained  between  the  lati- 
tudes of  thirty  and  fifty  degrees  in  both  hemispheres, 
with  cold  water ; or,  which  would  represent  the 
actual  fact  still  better,  a broad  ring  of  heated  iron 
might  be  fixed  round  the  equator  to  represent  the 
torrid  zone,  while  the  middle  or  temperate  latitudes, 
both  north  and  south,  should  be  encircled  with 
rings  of  ice.  The  water  might  also  be  coloured  in 
order  to  render  the  effects  visible.  Things  being 
arranged  as  above  described,  and  the  globe  being 
supposed  for  the  present  at  rest,  if  the  division 
between  the  hot  and  the  cold  fluids  were  removed, 
the  cold  water  would  gradually  slide  along  under 
the  hot  towards  the  equator,  while  the  heated  water 
would  be  carried  over  the  cold  towards  the  poles ; 
and,  if  nothing  else  were  done,  that  is  to  say,  if  the 
globe  were  allowed  to  remain  at  rest,  a mere  circu- 
lar interchange  would  take  place.  The  temperate 
portions  of  the  fluid,  on  coming  into  contact  with 
the  torrid  zone  of  the  globe,  and  being  thereby 
heated  and  rendered  specifically  lighter,  would 
necessarily  rise;  while  the  hot  portion,  on  flowing 
towards  the  cooling  substance  in  latitudes  farther 
from  the  equator,  would  descend  to  occupy  the 
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place  of  the  cold  water  drawn  oflP  to  supply  the 
place  of  the  lighter  heated  water  at  the  equator.  A 
steady  current  would  in  this  way  be  produced,  run- 
ning below  towards  the  equator,  and  at  right  angles 
to  it,  and  above  towards  the  poles ; this  would 
evidently  be  the  only  motion  impressed  on  the  fluid 
as  long  as  the  globe  stood  still. 

It  is  material  to  remark  here,  that  this  motion 
would  be  less  and  less  obvious  as  the  currents 
approached  the  equator,  where  the  cold  fluid  would 
gradually  become  heated,  and  have  a tendency  to 
rise  as  well  as  to  flow  along,  so  that  their  course 
would  be  checked,  till  at  length,  at  the  equator,  the 
opposite  currents  would  meet  and  produce  a calm. 

While  things  are  supposed  to  be  in  this  situation, 
let  the  globe  be  put  into  rapid  motion  from  west  to 
east,  we  shall  say,  for  the  sake  of  illustration,  at 
the  rate  of  one  thousand  feet  in  a minute,  while  all 
the  circumstances  as  to  temperature  remain  as 
before.  The  cold  water  would  continue  to  flow 
just  as  before,  under  the  hot,  towards  the  equator, 
where  the  rarefying  cause  existed,  but  it  would  now 
come  to  the  equatorial  regions,  possessed,  not  only 
with  a motion  directly  towards  the  equator,  but 
with  the  easterly  velocity  due  to  that  circle  of  lati- 
tude which  it  had  left,  or  about  eight  hundred  feet 
in  a minute;  and  if  we  suppose  these  equatorial 
regions  to  be  moving  to  the  eastward  at  the  average 
rate  of  nine  hundred  and  fifty  feet  in  the  same 
interval,  the  cold  water  moving  at  the  slower  rate 
would  inevitably  at  its  first  arrival  there  be  left 
behind ; or,  which  is  the  same  thing,  the  surface  of 
the  globe  would  go  faster  to  the  eastward  than  the 
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superincumbent  water,  and  this,  in  effect,  would 
produce  an  apparent  or  relative^  motion  of  the  water 
from  east  to  west ; or,  if  the  fluid  in  question  were 
air,  we  should  there  have  what  we  call  an  easterly- 
wind. 

This,  in  its  most  general  sense,  is  what  really 
takes  place  with  the  Trade  Winds,  and,  if  what 
I have  said  be  well  understood,  all  the  modifications 
which  they  undergo  will  be  readily  seen  to  follow. 

The  cold  air,  however,  (it  must  be  carefully 
observed,)  which  comes  towards  the  equator,  is 
acted  upon  by  two  forces,  or,  in  other  words,  is  in- 
fluenced by  two  sources  of  motion ; first,  by  that 
which  has  been  impressed  upon  it,  in  a due  easterly 
direction,  by  the  rotation  of  the  earth  in  the  tempe- 
rate latitudes  it  has  left:  and,  secondly,  by  a 
motion,  in  the  direction  of  the  meridian,  towards  the 
equator,  and  at  right  angles  to  it.  This  last  is 
caused  by  the  air  rushing  in  to  fill  up  the  space  left 
by  that  which  has  been  rarefied  by  the  heat  of  the 
torrid  zone,  as  shown  in  the  first  experiment  where 
the  globe  stood  still ; in  which  case,  it  will  be  re- 
membered, this  was  the  only  motion  to  which  the 
fluid  w^as  exposed.,  The  combined  effect  of  these 
two  motions  is  to  produce  the  south-east  Trade 
Wind  in  south  latitude,  and  the  north-east  trade 
on  the  other  side  of  the  equator. 

When  the  comparatively  slow  moving  air  of  the 
temperate  zone,  caused  by  the  rotatory  motion  of  the 
earth  to  the  east,  first  comes  into  contact  with  the 
quick  moving  or  tropical  belt  of  the  globe,  the  differ- 
ence of  their  velocities  is  great  compared  with  the 
other  motion  of  the  air  above  described,  or  that 
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directly  towards  the  equator ; and  consequently  the 
wind  blows  at  the  extreme  edge  of  the  Trades 
nearly  from  the  east  point.  As  this  cool  air,  how^ 
ever,  is  drawn  nearer  to  the  equator,  and  comes 
successively  in  contact  with  parallels  of  latitude 
moving  faster  and  faster,  this  constant  action  of  the 
earth’s  rapid  easterly  motion  gradually  imparts 
to  the  superincumbent  air  the  rotatory  velocity 
due  to  the  equatorial  regions  which  it  has  now 
reached ; that  is  to  say,  there  will  be  less  and  less 
difference  at  every  moment  between  the  easterly 
motion  of  the  earth  and  the  easterly  motion  of  the 
air  in  question;  while,  at  the  same  time,  the 
other  motion  of  the  same  air,  or  that  which  has  a 
tendency  to  carry  it  straight  towards  the  equator, 
having  been  exposed  merely  to  the  friction  along  the 
surface  without  meeting  any  such  .powerful  counter- 
acting influence  as  the  earth’s  rotation,  will  remain 
nearly  unchecked  in  its  velocity.  Thus,  as  I con- 
ceive, the  Trade  Wind  must  gradually  lose  the 
eastern  character  which  it  had  on  first  quitting  the 
temperate  for  the  tropical  region,  in  consequence 
of  its  acquiring  more  and  more  that  of  the  rotatory 
motion  of  the  earth  due  to  the  equatorial  regions  it 
has  now  reached.  While  this  cause  operates, 
therefore,  to  destroy  the  easterly  direction  of  the 
Trades,  their  meridional  motion,  as  it  may  be 
called,  or  that  towards  the  equator,  by  remaining 
constant  or  nearly  so,  will  become  more  and  more 
apparent,  till  at  length,  when  the  friction  of  the 
earth  in  its  rotatory  motion  has  reduced  the  velocity 
of  the  cool  air  to  the  tropical  rate,  there  will  be  left 
only  this  motion  towards  the  equator,  which  is 
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found  invariably  to  characterize  the  equatorial 
limits  of  both  trade  winds.  This  velocity,  also,  is  at 
length  checked,  first,  by  its  friction  on  the  surface  of 
the  earth  ; secondly,  by  the  air  becoming  heated, 
which  causes  it  rather  to  rise  than  to  flow  along 
the  surface  ; and  thirdly,  by  the  meeting  of  the  two 
opposite  currents — one  from  the  north,  the  other 
from  the  south. 

In  confirmation  of  these  doctrines,  I may  state 
that,  in  the  Trade  Winds,  the  higher  clouds  are  very 
seldom,  if  ever,  observed  to  go  in  the  same  direc- 
tion as  the  wind  below.  In  general  they  are  seen 
to  move  nearly  in  the  contrary  direction;  and  I 
find  it  noted  in  my  journal,  that  on  the  top  of  the 
peak  of  Teneriffe,  the  wind  was  blowing  from  the 
south  west,  directly  in  the  opposite  direction  to  the 
Trade  Wind  below. 

In  what  has  been  said  above,  the  quickest  moving 
or  equatorial  belt  of  the  earth  is  assumed  as  being 
also  the  hottest  and  consequently  that  over  which 
the  air  has  the  greatest  tendency  to  rise.  This, 
however,  is  not  the  case  universally;  and  where 
variations  in  this  respect  occur,  effects  very  differ- 
ent from  those  described  are  the  result.  The  most 
striking  examples,  with  which  I am  personally 
acquainted,  of  this  deviation  from  the  general 
law  of  the  Trade  Winds,  or  that  which  would 
obtain,  were  the  earth  a uniform  mass  of  water, 
or  land,  occur  in  India  and  Mexico.  That  portion 
of  the  Pacific  Ocean,  which  stretches  from  the 
Isthmus  of  Panama  to  the  Peninsula  of  Cali- 
fornia, lies  between  eight  and  twenty-two  degrees 
of  north  latitude.  Now,  the  sun’s  rays  strike 
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directly  upon  the  adjacent  great  territory  of 
Mexico,  and,  by  heating  the  land  violently,  cause 
the  air  to  rise  over  it.  But  the  vacuum  is  filled  up 
not  only  from  the  northward,  but  by  the  compara- 
tively cold  air  of  the  equatorial  regions  in  the 
neighbourhood.  This  air  coming  from  that  part  of 
the  globe  which*  revolves  quickest,  to  one  which 
moves  more  slowly,  produces  not  an  easterly,  but 
westerly  and  south-westerly  winds  ; — so  that  the 
navigator,  who  works  by  what  is  called  the  rule  of 
thumb,  and  takes  things  for  granted,  instead  of 
inquiring  into  them,  will  be  very  apt  to  make  sad 
blunders  in  his  navigation.  I confess  that  I once 
laid  myself  open  to  an  accusation  little  short  of  this, 
for  which  I had  less  excuse,  perhaps,  than  another 
man,  since,  from  having  long  speculated  upon  these 
topics,  I had  in  a great  measure  satisfied  myself  of 
the  truth  of  these  theories.  Yet  when  I was  sent 
to  visit  the  south-west  coast  of  Mexico  alluded  to, 
and  was  left  to  my  own  choice  as  to  the  manner  of 
performing  the  voyage,  I miscalculated  the  pro- 
bable effect  of  so  vast  a heater  as  Mexico,  and  ex- 
pected to  find  the  winds  from  east  or  north-east ; and 
therefore  began  my  voyage  at  Panama.  ^ I soon- 
learned,  however,  to  my  cost,  that  instead  of  being 
to  windward  of  my  port,  I was  dead  to  leeward  of 
it,  and  I had  to  beat  against  westerly  winds  for 
many  weeks. 

After  all,  however,  it  is  by  this  union  of  theory 
and  experience,  (which  is  not  the  worse  for  being 
dearly  bought),  that  effectual  knowledge  can  be  ob- 
tained ; and  the  disasters  into  which  we  are  led  by 
ignorance  must  be  serious  indeed,  if  they  be  not  more 
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essentially  profitable,  than  mere  unobservant  success 
would  have  been.  I mean  that  our  finding  things  as 
we  expected  them  is  not  always  a proof  that  we  have 
reasoned  correctly, — for  had  I visited  this  coast  at 
another  season  of  the  year,  and  found  an  east  wind 
blowing,  I jnight  have  called  it  the  north-east 
trade,  perhaps,  and  brought  away  none  of  the  local 
knowledge,  which  is  now,  I trust,  well  engraved  on 
my  mind  by  the  laborious  process  of  rectifying  my 
original  error. 

The  monsoons  in  India,  in  like  manner,  are 
striking  illustrations  of  this  modified  part  of  the 
theory.  When  the  sun  has  great  northern  declina- 
tion, the  Peninsula  of  Hindostan,  the  north  of  India, 
and  China,  being  heated,  the  quick-moving  equatorial 
air  rushes  to  the  northward  to  fill  up  the  slow-moving 
rarefied  space,  and  this  supply  being  possessed 
not  only  with  a rapid  eastern  velocity*;^ but  with  a 
motion  from  the  south,  produces  the  south-west 
monsoon  in  the  Indian  Ocean,  Bay  of  Bengal,  and  in 
the  China  Sea.  When  the  sun,  on  the  other  hand, 
goes  to  the  south,  the  same  seas  are  occupied 
by  air  which,  coming  from  regions  beyond  the 
northern  tropic,  possesses  less  easterly  velocity 
than  the  space  they  are  drawn  to,  which  gives 
them  an  easterly  character;  and  this  combined 
with  their  proper  motion,  if  I may  so  call  it,  from 
the  north,  produces  the  north-east  monsoon. 

There  are  numberless  other  less  striking  modifi- 
cations of  these  principles,  which  give  a high 
degree  of  interest  to  the  science  of  navigation,  par- 
ticularly between  the  tropics ; — but  which  it  is  need^ 
less  to  enter  into  just  now.  It  may  however  be 
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ON  EVAPORATION, 


AS  CONNECTED  WITH  ATMOSPHERIC  PHENOMENA. 


The  subject  of  evaporation  has  occupied,  at  va- 
rious times,  much  of  the  attention  of  natural  philo- 
sophers, and  many  accurate  and  interesting  obser- 
vations have  been  recorded  of  the  formation  and 
diffusion  of  elastic  fluids,  from  various  kinds  of 
liquids.  The  circumstances,  especially,  attending 
the  rise  and  precipitation  of  aqueous  steam  in  the 
atmosphere,  are  acknowledged  to  be  important  in 
the  highest  degree,  as  upon  their  silent  influence 
depends  the  adjustment  of  many  of  those  important 
meteorological  phenomena,  with  which  is  connected 
the  welfare  of  the  organized  creation.  The  labours 
of  De  Luc,  De  Saussure,  and  particularly  of  Mr. 
Dalton,  have  thrown  considerable  light  upon  this 
never-ceasing  process  ; but  something  appears  to 
be  still  wanting  to  complete  the  investigation,  and 
to  follow  up  the  results  to  their  ultimate  conse- 
quences. The  following  observations,  however 
inadequate  to  fulfil  this  desirable  purpose,  may 
possibly  attract  some  attention  to  the  subject,  and 
may  be  the  means  of  indicating  the  points  which 
most  require  elucidation. 

“ It  is  a well-known  fact  that  water,  under  all  cir- 
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cumstances,  is  endued  with  the  power  of  emitting 
vapour,  of  an  elastic  force  proportioned  to  its  tem- 
perature. It  is  also  well  understood,  that  the 
gaseous  atmosphere  of  the  earth,  in  some  degree, 
opposes  the  diffusion,  and  retards  the  formation  of 
this  vapour  ; not,  as  Mr.  Dalton  has  shown,  by  its 
weight  or  pressure,  but  by  its  vis  iiiertiw.  What  is 
the  amount  of  this  opposition,  and  by  what  progres- 
sion it  is  connected  with  the  varying  circumstances 
of  density  and  elasticity,  have  never  yet  been  ex- 
perimentally explained. 

It  may  facilitate  the  comprehension  of  the  subject, 
to  distinguish  three  cases  with  regard  to  the  evapo- 
rating fluid  ; the  first,  when  its  temperature  is  such 
as  to  give  rise  to  vapour  equivalent  in  elasticity  to 
the  gaseous  medium,  and  when  it  is  said  to  boil ; 
the  second,  when  the  temperature  is  above  that  of 
the  surrounding  air,  but  below  the  boiling  point ; 
and  the  third,  when  the  temperature  is  below  that 
of  the  atmosphere. 

With  regard  to  the  first,  all  the  phenomena  have 
been  accurately  appreciated.  The  quantity  eva- 
porated from  any  surface,  under  any  given  pressure, 
is  governed,  in  some  measure,  by  the  intensity  of 
the  source  of  heat,  and  is  in  no  way  affected  by  the 
motions  of  the  aerial  fluid.  The  elasticity  of  the 
vapour  is  exactly  equivalent  to  that  of  the  air,  which 
yields  eji  masse  to  its  lightest  impulse.  When  dis- 
engaged, it  is  immediately  precipitated  in  the  form 
of  cloud,  giving  out  its  latent  caloric  to  the  ambient 
medium  ; and  under  that  form  is  again  exposed  to 
the  process  of  evaporation,  according  to  the  laws  of 
the  third  division  of  the  process.  Al]  the  pheno- 
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mena  attending  the  process  of  boiling,  have  been 
ably  investigated  by  Gay-Lussac,  Dalton,  Ure,  and 
Archdeacon  Wollaston  ; but^  as  they  have  but  little 
connexion  with  the  atmospheric  relations,  which 
are  the  particular  object  of  the  present  paper^  I 
shall  proceed  to  the  second  case  of  evaporation. 

When  the  evaporating  fluid  is  of  a higher  tempe- 
rature than  the  surrounding  air,  but  not  so  high  as 
to  emit  vapour  of  equal  elasticity  to  it,  the  exhala- 
tion is  proportionate  to  the  difference  of  tempera- 
ture. The  gaseous  fluid,  in  contact  with  the  surface, 
becomes  lighter  by  the  abstraction  of  portions  of  the 
excess  of  heat,  and,  rising  up,  carries  with  it,  in  its 
ascent,  the  entangled  steam.  This,  as  in  the  former 
case,  is  precipitated,  and,  in  the  form  of  cloud, 
exposed  to  the  third  species  of  evaporation.  This 
process  is  not  only  proportioned  to  the  difference  of 
temperature,  and  the  elasticity  of  the  vapour,  but  is 
also  governed  by  the  motion  of  the  air.  A current 
of  wind  tends  to  keep  up  that  inequality  of  heat 
upon  which  it  depends,  and  prevents  that  equaliza- 
tion which  would  gradually  take  place  in  a stagnant 
air.  Such  is  the  evaporation  which  often  takes 
place  in  this  climate,  in  Autumn,  from  rivers,  lakes, 
and  seas,  and  which  is  indicated  by  the  fogs  and 
mists  which  hang  over  their  surfaces. 

It  is,  however,  the  third  modification  of  circum- 
stances, which  is  the  most  interesting  in  the  point 
of  view  which  I have  suggested,  and  from  which  I 
have  merely  distinguished  the  preceding,  to  free  the 
subject  from  ambiguity.  When  the  temperature  of 
water  is  below  that  of  the  atmosphere,  it  still  ex- 
hales steam  from  its  surface  ; but,  in  this  case,  the 
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vapour,  neither  having  the  force  necessary  to  dis- 
place the  gaseous  fluid,  nor  heat  enough  to  cause  a 
circulation,  which  would  raise  it  in  its  course,  is 
obliged  to  filter  its  way  slowly  through  its  inter- 
stices; and  the  nature  of  the  resistance  it  meets 
with  in  this  course  is  the  first  object  of  investigation; 

The  force  of  vapour,  at  different  temperatures, 
has  been  determined  with  great  accuracy,  and  the 
amount  of  evaporation  has  been  shown  to  be,  cceteris 
paribus,  always  in  direct  proportion  to  this  force. 
The  quantity  is  also  known  to  depend  upon  the 
atmospheric  pressure,  but  I know  of  no  experiments' 
which  establish  the  exact  relation  between  the  two 
powers.  I attempted  to  elucidate  the  point  as 
follows : — 

By  inclosing  in  a glass  receiver,  upon  the  plate 
of  an  air-pump,  a vessel  with  sulphuric  acid,  and 
another  with  water,  and  by  properly  adjusting  the 
surfaces  of  the  two,  it  is  easy  to  maintain,  in  the 
included  atmosphere  of  permanently-elastic  fluid,  an 
atmosphere  of  vapour  of  any  required  force  ; or,  in 
the  usual  mode  of  expressing  the  same  fact,  the  air 
may  be  kept  at  any  required  degree  of  dryness. 
The  density  of  the  air,  in  such  an  arrangement, 
may,  of  course,  be  varied  and  measured  at  pleasure. 
Now  there  are  three  methods  of  estimating  the  pro- 
gress of  evaporation  in  such  an  atmosphere : the 
first,  and  most  direct,  is  to  weigh  the  loss  sustained 
by  the  water  in  a given  time ; the  second,  to  mea- 
sure, by  a thermometer,  the  depression  of  tempera- 
ture of  an  evaporating  surface  ; and  the  third,  to 
ascertain  the  dew  point,  by  means  of  the  hygro- 
meter. 
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Experiment  1. 

The  receiver,  which  I made  use  of,  was  of  large 
capacity,  and  fitted  with  a hygrometer.  I placed 
under  it  a fiat  glass  dish_,  of  7|  inches  diameter,  the 
bottom  of  which  I covered  with  strong  sulphuric 
acid.  The  glass  bell  but  just  passed  over  it,  so 
that  the  base  of  the  included  column  of  air  rested 
everywhere  upon  the  acid.  In  the  centre  of  the 
dish,  was  a stand  with  glass  feet,  which  supported 
a light  glass  vessel  of  2*7  inches  diameter,  and  1*3 
inches  depth.  Water  to  the  height  of  an  inch  was 
poured  into  the  latter,  the  surface  of  which  stood 
just  three  inches  above  that  of  the  acid.  A very 
delicate  thermometer  rested  in  the  water,  upon  the 
bottom  of  the  glass,  and  another  was  suspended  in 
the  air.  It  may  be  necessary  to  observe,  that  the 
sides  of  the  vessel  were  perpendicular  to  its  bottom, 
which  was  perfectly  flat.  The  height  of  the  baro- 
meter was  29*6,  and  the  temperature  of  the  water 
56°.  In  twenty  minutes  from  the  beginning  of  the 
experiment,  the  hygrometer  was  examined,  and  no 
deposition  of  moisture  was  obtained  at  26°. 

This  being  the  greatest  degree  of  cold  which 
could  be  conveniently  produced  by  the  affusion  of 
ether,  the  experiment  was  repeated,  with  a con- 
trivance which  admitted  of  the  application  of  a 
mixture  of  pounded  ice  and  muriate  of  lime,  to  the 
exterior  ball  of  the  hygrometer.  In  this  manner  the 
interior  ball  Vv^as  cooled  to  0\  without  the  appear- 
ance of  any  dew.  The  temperature  of  the  water 
and  air  was,  in  this  instance,  58’,  and  the  pressure 
of  the  atmosphere  30  5. 
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From  this  experiment  it  appears,  that  in  the 
arrangement  above  described,  the  surface  of  water 
was  not  adequate  to  maintain  an  atmosphere  of  the 
small  elasticity  of  *068  inch ; in  other  words,  the 
degree  of  moisture  in  the  interior  of  the  receiver 
could  not  have  exceeded  129,  the  point  of  saturation 
being  reckoned  1000.  How  much  less  it  was  than 
this,  or  whether  steam  of  any  less  degree  of  elas- 
ticity existed,  the  experiment,  of  course,  did  not 
determine.  We  may  reckon,  however,  without  any 
danger  of  error  in  our  reasoning,  that  the  sulphuric 
acid,  under  these  circumstances,  maintained  the  air 
in  a state  of  almost  perfect  dryness. 

Experimejit  2. 

The  same  trial  was  made  with  atmospheres 
variously  rarefied,,  by  means  of  the  pump.  No 
deposition  of  moisture  was,  in  any  case,  perceived, 
with  the  utmost  depression  of  temperature  which  it 
was  possible  to  produce  ; and  the  state  of  dryness 
was  as  great,  in  the  most  highly  attenuated  air,  as  it 
was  in  the  most  dense.  In  the  higher  degrees  of 
rarefaction,  the  water  however  became  frozen. 

Experiment  3. 

The  water,  which  had  been  previously  exposed 
to  the  vacuum  of  the  pump  to  free  it  from  any  air 
in  solution,  was  weighed  in  a very  sensible  balance, 
before  it  was  exposed  to  the  action  of  the  sulphuric 
acid  under  the  receiver.  Its  temperature  was  45°, 
and  the  height  of  the  barometer  30*4.  In  half  an 
hour’s  time,  it  was  again  weighed,  and  the  loss  by 
evaporation  was  found  to  be  1 24  grains.  It  was 
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replaced,  and  the  air  was  rarefied  till  the  gauge  of  the 
pump  stood  at  15 '2  ; in  the  same  interval  of  time  it 
was  re-weighed,  and  the  loss  was  2*72,  but  its  tem- 
perature was  reduced  to  43°.  The  loss  from  eva- 
poration, in  equal  intervals,  with  a pressure  con- 
stantly diminishing  one-half,  was  found  to  be  as 


follows  t' — 

Temperature. 

Loss 

Pressure 

Beginning 

End 

Grains 

30*4  . . 

. 45  '.  . . 

45  . 

. . 1 • 24 

15-2  . . 

. 45  . . . 

43  . 

. . 2-87 

7*6  . . 

. 45  . . 

43  . 

. . 5*49 

3*8  . . 

. 45  . ■ . , 

43  . 

. . 8*80 

1*9  . . 

. 45  . . 

41  . 

. . 14-80 

•95  . . 

. 44  , . , 

37  . 

, . 24-16 

•47  . . 

. 45  , . , 

31  . 

. . 39-40 

When  the  exhaustion  was  pushed  to  the  utmost, 
the  gauge  stood  at  0 07,  and  the  evaporation  in  the 
half  hour  was  87*22  grains.  During  this  last  expe- 
riment,, the  water  was  frozen  in  about  eight  minutes, 
while  the  thermometer  under  the  ice  denoted  a tem- 
perature of  37. 

Now,  before  we  infer  from  these  experiments  the 
state  of  evaporation  from  different  degrees  of 
atmospheric  pressure,  it  is  necessary  to  apply  to 
the  results  a correction  for  the  variation  of  tempe- 
rature which  took  place  during  their  progress.  The 
quantity  of  evaporation  having  been  determined  to 
be  in  exact  proportion  to  the  elasticity  of  the  vapour, 
we  must  estimate  the  latter  from  the  mean  of  the 
temperatures  before  and  after  the  experiments,  and 
calculate  the  amount  for  any  fixed  temperature 
accordingly.  This  will,  doubtless,  give  us  a near 
approximation,  although,  from  the  last  experiment, 
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we  perceive  that  the  method  of  estimating  the  tem- 
perature of  the  surface  water  cannot  be  absolutely 
correct.  The  following  table  presents  us  with  the 
former  results  so  corrected  for  the  temperature  of 
45°. 


Pressure.’ 

Grains. 

30-4  . 

1-24 

15-2  . 

2-97 

7-6  . 

5-6S 

3-8  . 

9*12 

,1*9  . 

, . 13-92 

•95  . 

. 29  33 

•47  . 

. 50-74 

•07  . 

. 112-32 

Notwithstanding  the  slight  irregularity  of  the 
above  series,  we  can,  I think,  run  no  risk  in  draw- 
ing from  it  the  conclusion,  that  the  amount  of  evapo- 
ration is,  cwtefis  paribus,  in  exact  inverse  proportion 
to  the  elasticity  of  the  incumbent  air;  and  that  De 
Saussure  was  misled  by  his  hygrometer,  when  he 
inferred  from  its  indications,  that  a diminution  of 
one-third  the  density  doubled  the  rate. 

Before  we  proceed,  it  is  necessary  to  say  a few 
words  upon  the  apparent  discrepancy  between  the 
results  of  Mr.  Dalton’s  experiments  and  mine,  as 
to  the  amount  of  evaporation,  at  the  full  pressure  of 
the  atmosphere.  He  found,  upon  the  supposition 
of  no  previous  vapour  existing  in  the  air,  that  the 
full  evaporating  force  of  water,  of  the  temperature 
of  45°,  would  be  1 *26  grains  per  minute,  from  a 
vessel  of  six  inches  in  diameter.  This  amount,  re- 
duced in  proportion  to  the  squares  of  the  diameters 
of  the  two  vessels,  would  give  7*65  grains  in  half 
an  hour,  from  the  glass  of  2*7  inches  diameter 
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which  I employed.  It  must,  however,  be  recol- 
lected, that  Mr.  Dalton’s  calculations  were  founded 
upon  experiments  made  at  a temperature  very  con- 
siderably above  that  of  the  surrounding  medium, 
and  that  consequently  a current  must  have  been 
established  in  the  latter  which  greatly  accelerated 
the  progress.  It  is  true,  that  he  afterwards  sub- 
jected his  calculations  to  the  test  of  experience,  at 
common  atmospheric  temperatures;  but  then  he 
expressly  states,  that  when  any  experiment, 
designed  as  a test  of  the  theory,  was  made,  a 
quantity  of  water  was  put  into  one  of  them  (vessels), 
and  the  whole  was  weighed  to  a grain  ; then  it  was 
placed  ill  an  open  window,  or  other  exposed  situation, 
for  ten  or  fifteen  minutes,  and  again  weighed,  to 
ascertain  the  loss  by  evaporation.”  In  this  way  he 
ascertained  that,  with  the  same  evaporating  force, 
a strong  wind  would  double  the  effect.  The  diffe- 
rence, however,  even  after  these  considerations,  is 
still  very  striking ; but,  from  several  repetitions  of 
the  experiment,  I have  no  doubt  of  its  exactness. 

Experiment  4. 

The  arrangement  described  in  the  last  experi- 
ment, having  been  found  adequate  to  maintain  in 
the  receiver  a state  approaching  to  that  of  complete 
dryness,  I had  no  opportunity  of  judging  whether 
the  elasticity  of  the  vapour,  as  it  rose  from  the 
surface’  of  the  water,  varied  in  any  degree  with  the 
pressure  of  the  air,  or  whether  any  part  of  the 
increase  of  evaporation  were  dependent  upon  such 
variation.  To  determine  this  point,  I placed  the 
sulphuric  acid  in  a glass,  of  the  diameter  of  2 '8 

2 O 
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inches,  so  that  its  surface  was  very  little  more  than 
equal  to  that  of  the  water.  The  vessels  were 
placed,  side  by  side,  upon  the  plate  of  the  air- 
pump,  and  covered  with  the  receiver.  The  tem- 
perature of  the  water  and  air  was  52°,  and  the 
height  of  the  barometer  29*8.  The  following  table 
shows  the  dew  point,  which  was  obtained,  at  inter- 
vals of  half  an  hour,  at  different  degrees  of  atmos- 


pheric  pressure 

Barom. 

Temp,  of  Water  and  Air 

Dew  Point 

29-8 

. . . 52  . . . 

. 36 

14-9 

. . . 53  . . . 

. 37 

7*45  . 

. . . 52  . . . 

. 35 

3*72  . 

. . . 53  . . . 

. 36 

1-S6  . 

. . . 52  . . . 

. 34 

•93  . 

. . . 52  . . . 

. 36 

•15  . 

. . .52  ... 

. 36 

The  differences  of  these  results  are  so  extremely 
small,  and  are  moreover  so  little  connected  with 
the  variations  pf  density,  that  there  can  be  no  diffi- 
culty in  regarding  them  as  errors  of  observation, 
and  we  may  conclude,  that  the  elasticity  of  vapour, 
given  off  by  water  of  the  same  temperature,  is  not 
influenced  by  differences  of  atmospheric  pressure. 
The  equal  surfaces  of  sulphuric  acid  and  water  here 
made  use  of,  maintained,  at  the  temperature  of  52^ 
a degree  of  saturation  equal  to  570.  I repeated 
the  experiment,  at  the  temperature  of  61°,  and  the 


following  are  the  results  : — 

Barom.  Temp,  of  Water  and  Air 

29*6  ; . . . 61  . . . 

Dew  Point 

. 48 

14*8 

61  . . . 

. 49 

7*4 

60  . . . 

. 48 

3*7 

61  . . . 

. 50 

1*85 

61  . . . 

. 48 

•92 

60  . . , 

. 48 

*15 

f 

61  . . . 

. 48 
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Under  these  circumstances,  the  amount  of  satu- 
ration was  651;  an  increase  evidently  dependent 
upon  the  force  of  the  vapour,  but  not  in  exact  pro- 
portion to  its  augmentation. 

Expermejit  5. 

Being  now  desirous  of  ascertaining  in  what 
degree  the  temperature  of  an  evaporating  surface 
would  be  influenced  by  differences  in  the  density 
of  the  air,  I made  the  following  disposition  of  the 
apparatus: — To  a brass  wire,  sliding  through  a 
collar  of  leathers,  in  a ground  brass  plate,  I attached 
a very  delicate  mercurial  thermometer ; this  was 
fixed,  air-tight,  upon  the  top  of  a large  glass 
receiver,  which  covered  a surface  of  sulphuric  acid 
of  nearly  equal  dimensions  with  its  base.  Upon  a 
tripod  of  glass,  standing  in  the  acid,  was  placed  a 
vessel  containing  a little  water,  into  which  the 
thermometer  could  be  dipped  and  withdrawn  by 
means  of  the  sliding  wire.  The  bulb  of  the 
thermometer  was  covered  with  filtering  paper.  At 
the  commencement  of  the  experiment,  the  barome- 
ter was  at  30*2  inches,  and  the  temperature  of  the 
air  50°.  Upon  withdrawing  the  thermometer  from 
the  water,  it  began  to  fall  very  rapidly,  and  in  a 
few  minutes  reached  its  maximum  of  depression. 
The  following  table  presents  the  results  of  the 
experiment,  for  different  degrees  of  the  air’s  den- 
sity ; the  intervals  were  each  of  twenty  minutes  : — ' 


Barom. 

Temp,  of  Air 

Temp,  of  wet  Ther. 

Difference 

30*2  . 

. 50 

. . 41 

9 

15-1  . 

. 49 

^ * 37 

. 12 

7*5  . 

. 49 

. . 34 

. 15 

3-7  . 

. 49-5  . 

. . 31-5  , 

. 18 

2 0^ 
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Barom. 

Temp,  of  Air. 

Temp,  of  wet  Ther. 

Difference. 

1*8  . 

. 49*5  . 

. . 28-5  . . 

21 

•9  . 

. 49 

. . 24*5  . . 

24-5 

•4  . 

. 49 

. , 23  . . 

2G 

Here,  in  an  atmosphere  which  a former  experi- 
ment has  proved  to  be  in  a state  of  almost  perfect 
dryness,  we  find  that,  at  the  full  atmospheric  'pres- 
sure, the  wet  surface  of  the  thermometer  was 
reduced  9°.  It  is  worthy  of  remark,  also^  how 
small  a quantity  of  water  is  required  to  produce 
this  effect.  It  has  been  previously  shown,  that  a 
surface  of  2*  7 inches  diameter,  only  lost  1*24  grains 
in  half  an  hour.  This  would  have  been  T41  grains 
at  the  temperature  of  49°.  The  surface  of  the  wet 
thermometer  could  not  have  exceeded  ^^oth  of  that 
of  the  evaporating  vessel,  and  the  maximum  effect 
was  produced  in  ten  minutes,  or  id  of  the  time,  so 
that  the  weight  of  water  evaporated  in  this  case 
was  not  more  than  (*0094  grains)  one-hundredth  of 
a grain.  It  will  be  seen,  that  the  depression 
increased  with  the  rarefaction  of  the  air,  but  in  the 
proportion  only  of  the  terms  of  an  arithmetical  pro- 
gression to  those  of  a geometrical.  The  increase 
is  attributable,  not  to  the  augmented  quantity  of 
the  evaporation^,  but  to  the  decreased  heating 
power  of  the  atmosphere.  MM.  Du  Long  and 
Petit,  in  their  experiments  upon  the  cooling  power 
of  air,  determined  it  to  be  nearly  as  the  square 
root  of  the  elasticity  ; but  whether  the  heat  which 
it  is  capable  of  communicating  to  a cold  body,  follow 
the  same  progression,  the  experiments  above  de- 
tailed are  not  sufficient  to  determine  with  precision. 
We  may,  however,  certainly  conclude  from  them, 
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that  the  temperature  of  an  evaporating  surface  is 
not  affected  by  the  mere  quantity  of  evaporation. 

It  is  right  to  remark  that,  in  the  last  experiment, 
care  was  always  taken  to  station  the  evaporating 
thermometer  in  the  same  place  in  the  receiver^  for 
I found  that,  when  the  air  was  highly  rarefied,  a 
greater  degree  of  cold  could  be  produced  by 
approximating  the  wet  bulb  to  the  surface  of  the 
acid.  No  difference,  however^  could  be  perceived 
from  such  a change  at  the  full  atmospheric  pressure. 
I also  ascertained  that  no  change  of  relative  posi- 
tion in  the  surfaces  of  the  acid  and  water  produced 
any  alteration  in  the  dew  point  under  any  circum- 
stances. * • 

The  few  simple  facts  above  determined  appear 
to  me  to  be  intimately  connected  with  the  solution 
of  some  very  important  atmospheric  phenomena, 
and  I shall  endeavour  briefly  to  indicate  their 
relation. 

The  aqueous  fluid  is  so  abundantly  spread  over 
the  face  of  the  earth,  that  there  can  be  no  doubt 
that  the  permanently- elastic  atmosphere,  which 
surrounds  it,  would  very  speedily  be  saturated 
with  its  steam,  did  not  some  cause,  analogous  to 
the  sulphuric  acid  in  the  receiver^  prevent  its  uni- 
versal diffusion.  This  never-failing  cause  is  ine- 
quality of  temperature.  As  in  the  small  experiment 
we  found  that  the  degree  of  dryness  was  propor- 
tioned to  the  energy  of  the  absorbent  mass,  and  that 
the  existing  vapour  was  equally  diffused  between 
it  and  the  exhaling  surface ; so,  in  the  larger  ope- 
rations of  nature,  we  shall  find  that  the  state  of 
saturation  is  dependent  upon  the  point  of  precipita- 


502 


ON  EVAPORATION. 


tion,  and  that  the  aqueous  atmosphere  is  nearly 
uniform  between  it  and  the  source  of  steam. 

Now^  it  is  well  understood  that  the  temperature 
of  the  gaseous  atmosphere  in  its  natural  state  must 
decrease  with  its  density  as  we  ascend  to  its  upper 
parts ; so  that  a great  degree  of  cold  is  at  all  times 
to  be  found  within  a very  moderate  distance  from 
the  surface  of  the  waters.  It  is  this  low  tempera- 
ture which  determines  the  tension  of  the  aqueous 
atmosphere ; and  it  is  evident  that  the  evaporation 
which  is  thus  caused  at  the  base  of  the  aerial  fluid, 
must  be  accompanied  by  a simultaneous  and  equal 
precipitation  above.  What  then  becomes  of  the 
precipitated  moisture  ? Let  us  endeavour  to  trace 
the  order  of  this  phenomenon.  We  will  first  suppose 
a calm  state  of  the  atmosphere,  a temperature  of 
eighty  degrees,  and  the  barometer  at  thirty  at  the 
surface  of  the  earth.  By  a calm  state  of  the  atmos- 
phere is  here  meant,  one  that  is  free  from  any 
lateral  wind,  and  in  which,  the  only  currents  being 
in  an  ascending  and  descending  direction,  evapora- 
tion would  proceed  at  the  rate  exhibited  in  the  first 
column  of  Mr.  Dalton’s  table.  The  dew-point  at 
the  surface  of  the  earth  is  sixty -four  degrees,  and 
this  is  determined  by  the  temperature  at  the  height 
of  about  5000  feet,  where  the  barometric  column 
would  maintain  itself  at  twenty-four  inches.  The 
degree  of  saturation  below  would  therefore  be  600, 
and  the  amount  of  evaporation  1*74  grains  per 
minute  from  a surface  of  six  inches  diameter.  This 
quantity  we  therefore  suppose  condensed  at  the 
height  before  named.  But  the  state  of  saturation 
in  the  atmosphere,  above  this  point  of  precipitation, 
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is  again  diminished ; for  we  may  suppose  the  force 
of  the  vapour  to  be  determined  by  a temperature  of 
thirty-one  degrees  at  a height  of  15^000  feet^  where 
the  barometer  would  stand  about  sixteen  inches. 
The  force  of  evaporation  would,  therefore,  be  1*71 
grains  per  minute,  at  the  full  atmospheric  pressure ; 
and  this  amount,  increasing  as  the  pressure  dimi- 
nishes, would  give  2*13  grains  per  minute ; so  that 
the  power  of  evaporation  at  this  stage  exceeds  the 
supply  of  moisture,  and  no  cloud  could  possibly  be 
formed.  Above  the  second  point  of  condensation 
let  us  now  suppose  the  force  of  the  vapour  to  be 
determined,  in  still  loftier  regions,  by  a temperature 
of  twelve  degrees.  The  force  of  evaporation  would 
then  be  0*44  grains,  increased  in  the  proportion  of 
sixteen  inches  to  thirty,  or  0*82  grains.  Here, 
then,  the  power  of  evaporation  would  be  insufficient 
to  diffuse  in  the  upper  regions  the  whole  of  the 
moisture  supplied  from  the  surface  of  the  earthy 
and  a cloud,  it  might  be  supposed,  must  conse- 
quently result.  But  another  modification  of  the 
process  now  ensues;  the  precipitated  moisture  has 
a tendency  to  fall  back  into  the  warm  air  below  it, 
and  consequently  would  again  assume  the  elastic 
form  with  a rapidity  proportioned  to  the  rarefaction 
of  the  stratum  in  which  it  is  diffused.  There  is,  I 
think,  no  difficulty  in  supposing  that  no  visible 
cloud,  or  one  of  extreme  tenuity,  would  be  formed 
during  this  double  process  of  evaporation.  A very 
important  re-action,  however_,'must  take  place  upon 
the  strata  of  vapour  beneath  ; the  elastic  force  being 
increased  above,  enables  the  water  below  to  main- 
tain an  atmosphere  of  a higher  degree,  and  the 
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quantity  of  evaporation  must  decrease  as  the  point 
of  saturation  rises.  A different  arrangement  of  the 
points  of  precipitation  would  ensue  in  the  progress 
of  these  effects. 

An  important  distinction  must  here  be  drawn 
between  the  ultimate  effects  of  the  superior  and 
inferior  evaporation  denoted  above.  In  the  first, 
the  whole  weight  of  water  is  condensed  and  simul- 
taneously exhaled ; and  although  it  constitutes 
steam  of  an  inferior  degree  of  force,  there  is  little 
or  no  difference  in  the  quantity  of  its  latent  heat^ 
and  no  effect  is  therefore  produced  upon  the  tem- 
perature of  that  portion  of  the  atmosphere  in  which 
the  change  takes  place.  But  in  the  second,  the 
condensation  happens  at  one  spot^  and  the  vapori- 
zation at  another  inferior  to  it ; the  latent  heat  is 
therefore  evolved  at  the  former  and  communicated 
to  the  air,  while  at  the  latter  the  process  is  reversed, 
and  the  air  is  cooled.  The  process  of  this  opera- 
tion would,  therefore,  tend  to  equalize  the  tempera- 
ture of  the  atmosphere. 

We  will  next  imagine  that  the  surface  of  the 
earth  is  swept  by  a high  wind,  and  that  the  atmos- 
phere, instead  of  resting  calmly  upon  its  base,  moves 
laterally  with  great  velocity.  Under  these  circum- 
stances experience  has  shown  that  the  amount  of 
evaporation  will  be  nearly  doubled;  but  the  force 
of  evaporation  is  not  altered  in  the  upper  regions. 
The  inferior  exhaling  surface  being  immoveable, 
the  motion  of  the  air  perpetually  changes,  and 
renews  the  points  of  contact,  and  prevents  accumu- 
lation at  any  one  place ; but  in  the  heights  of  the 
atmosphere  the  exhaling  surface  of  the  cloud  is 
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borne  upon  the  wind_,  and  their  relative  situations 
never  change. 

The  progress  of  precipitation  must^  therefore, 
necessarily,  under  these  circumstances,  outstrip 
that  of  evaporation,  and  the  disturbance  of  the 
atmospheric  temperature  will  be  greatly  accele- 
rated. 

There  is  another  cause  which  would  also  quicken 
evaporation  below,  without  equally  increasing  its 
power  of  diffusion  at  any  given  height  above ; and 
that  is  a decrease  in  the  density  of  the  air  at  the 
surface  of  the  earth.  Under  the  circumstances  of 
our  first  supposition,  imagine  the  barometer  to  fall 
to  twenty- eight  inches,  the  evaporation  would  be 
increased  from  T74  grains  per  minute,  to  T86 
grains  ; but  this  decline  of  two  inches  at  the  surface 
would  indicate  a contemporaneous  fall  of  little  more 
than  one  inch  at  the  height  of  15,000  feet,  and  the 
rate  of  diffusion  would  Vary  accordingly.  When  it 
is  considered  that  great  falls  of  the  barometer  are 
generally  accompanied  by  high  winds,  and  that  this 
disparity  is  multiplied  by  the  force  of  the  current, 
it  is  easy  to  appreciate  the  influence  of  this  local 
increase  of  the  power  of  evaporation. 

The  facility  of  evaporation  in  the  rarer  regions 
of  the  atmosphere  will  also  go  far  to  account  for  the 
state  of  saturation  in  which  the  air  of  mountainous 
countries  is  generally  found,  and  many  minor  me- 
teorological phenomena  might  probably  meet  with 
their  explanation  from  variations  of  the  same  cause; 
such  as  the  fogs  which  frequently  accompany  a 
very  high  degree  of  atmospheric  pressure,  and  that 
peculiar  transparency  of  the  air  which  often  pre^ 
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cedes  rain^  and  is  accompanied  by  a falling  baro- 
meter. But  to  return  again  to  the  more  general 
and  extended  influence  of  the  vapour  upon  the 
boundless  strata  of  the  atmosphere: — that  the  phe- 
nomena of  evaporation  and  condensation,  as  we 
have  been  contemplating  their  progress^  have  not 
been  described  with  any  bias  to  theoretical  consi- 
derations, but  are  in  strict  accordance  with  facts 
and  observations,  any  one  might  easily  convince 
himself  with  less  difficulty  than  would  at  first  be 
supposed.  To  prove  the  assertion,  I shall  extract 
the  following  passages  from  the  works  of  De  Luc, 
who  was  probably  one  of  the  most  accurate  ob- 
servers of  nature  that  ever  existed,  and  who  seldom, 
indeed,  allowed  any  hypothetical  considerations  to 
warp  his  description  of  what  he  had  observed. 
They  will  afford  a complete  illustration  of  the  pre- 
ceding remarks,  although  they  were  penned  by  him 
to  support  a very  different  hypothesis. 

Si  Ton  ne  fait  qu’une  legere  attention  a la 
surface  de  ces  brouillards  vus  des  montagnes  pour 
en  jouir  comme  d’un  beau  spectacle,  on  pent  penser 
qu’ils  sont  permanens  ; que  I’evaporation  est  arrivee 
a son  maximum  a la  surface  des  eaux,  parce  que 
fair  est  parvenu  a fhumidite  extreme ; et  que  les 
vapeurs  vesiculaires  qui  troublent  la  transparence 
de  cet  air  restent  les  memes  durant  des  semaines 
ou  rneme  des  mois ; c’est-a-dire,  tant  que  le  brouil- 
lard  se  conserve  a une  meme  hauteur.  Mais  le 
phenomene  differe  beaucoup  de  cette  premiere  ap- 
parence:  I’evaporation  continue  a la  surface  des 
eaux,  les  vapeurs  vesiculaires  qui  s’en  forment 
montent  sans  cesse,  et  une  nouvelle  evaporation  a 
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lieu  a la  surface  des  brouillards.  C’est  un  spec- 
tacle aussi  amusant  qu’instructif,  que  celui  que 
fournit  cette  surface,  vue  d’un  lieu  peu  eleve  au-des- 
sus  d’elle,  et  dans  une  grande  vallee  ou  Ton  ait,  a 
quelque  distance,  des  montagnes  rembrunies  par 
des  forets  de  sapins.  Une  telle  vallee  eclairee  par 
les  rayons  du  soleil  semble  etre  comblee  de  coton, 
file  dans  toute  sa  surface  par  des  etres  invisibles 
en  fils  invisibles : il  s’y  fait  par4out  des  tumeurs, 
semblables  a celle  que  produit  une  fileuse  sur  sa 
quenouille  en  tirant  le  coton  pour  former  son  fil,  et 
elles  disparoissent  successivement  en  se  dissipant 
dans  Pair.  Quelquefois  ces  tumeurs  s*allongent  et 
se  separent  de  la  masse  en  tendant  a monter ; on 
les  voit  alors  s’etendre  comme  un  paquet  de  gaze 
qui  se  deploie  et  peu  a peu  elles  disparoissent. 
Les  brouillards  se  forment  done  constamment  a la 
surface  des  eaux  et  du  sol ; mais  constamment  aussi 
ils  se  dissipent  dans  Pair  superieur : et  cependant 
on  n’apper^oit  point  que  Phumidite  y augmente.” — 
I dees  sur  la  Meteorologie,  tom.  xi.  p.  78. 

Depuis  que  mes  idees  ont  change  sur  la  cause 
de  la'pluie,  j’ai  fort  souvent  fixe  mon  attention  sur 
les  nuages,  et  j’ai  reconnu  tres  evidemment,  qu’ils 
s’evaporent  meme  tandis  qu’ils  grossissent.  Si 
Pon  fixe  ses  regards  sur  leur  bord  decoupe  qui, 
lorsqu’il  a pour  fond  Pazur  du  ciel,  'presente  mille 
figures  singulieres,  celles  que  Pimagination  leur 
prete  alors,  pent  aider  a Pexamen  dont  je  parle, 
en  rendant  leurs  changemens  plus  frappans.  Il 
arrive  souvent,  que  la  partie  sur  laquelle  on  fixe 
son  attention  se  dissipe  au  lieu  meme  ou  Ton  a 
commence  a Pobserver;  souvent  aussi  on  la  voit 
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s’etendre,  sans  que  la  totalite  du  nuage  se  meuve, 
et  elle  ne  se  dissipe  pas  moins  durant  cette  exten- 
sion. Quelquefois,  tandis  que  I’un  des  festons  du 
nuage  se  dissipe  on  en  voit  d’autres  se  former^ 
s’etendre^  produire  eux-memes  de  nouveaux  fes- 
tons, par  ou  l*e  nuage  grossit;  d’autres  fois  il 
diminue ; et  alors  tous  ses  festons  s’evaporent  suc- 
cessivement  et  il  n’en  acquiert  de  nouveaux,  que 
parce  qu’il  se  decoupe  : on  apper^oit  en  meme  terns, 
qu’il  devient  plus  mince,  et  il  disparoit  enfin  totale- 
ment. 

“ C’est  ce  qui  m’a  conduit  a penser  qu’il  y a en 
effet  dans  I’air^  une  source  generale  de  vapeurs  qui 
en  fournit  en  certaines  circonstances ; que  ces  va- 
peurs sont  produites  au  lieu  merne  ou  se  forme  un 
nuage ; que  c’est  par  la  duree  de  cette  production 
de  vapeurs,  que  les  nuages  subsistent,  s’aggrandis- 
sent  meme,  quoiqu’en  s’evaporant  tout  le  tour ; et 
que  lorsqu’ils  se  dissipent  c’est  que  leur  evapora- 
tion n’est  plus  reparee  par  la  formation  de  nouvelles 
vapeurs.” — Idees  sur  la  Metc'orologie,  torn.  xi.  p.  117. 

I shall  now  conclude  this  essay  with  an  observa- 
tion which  is  intimately  connected  with  the  subject 
of  the  preceding  pages.  It  has  been  argued  that 
the  quantity  of  heat  which  would  be  communicated 
to  the  air  by  the  condensation  of  atmospheric  va- 
pour would  be  trifling,  and  inadequate  to  produce 
those  expansions  in  the  aerial  currents  to  which,  in 
my  essay  upon  the  constitution  of  the  atmosphere, 
I have  ascribed  the  fluctuations  of  the  barometer. 
Now,  I have  therein  shown  how  the  gradual  spread 
of  a small  increase  of  temperature,  through  a con- 
siderable stratum^  is  sufficient  for  the  purpose ; 
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and  a very  little  consideration  will,  I think,  con- 
vince any  one  that  the  evolution  of  caloric  is  by  no 
means  so  small  as  has  been  supposed. 

The  following  rough  calculation  will  place  the 
facts  in  a striking  point  of  view : — The  latent  heat 
of  steam  has  been  proved  to  be  somewhere  about 
970°,  and  it  is  known  that,  whatever  be  its  density, 
or  the  temperature  at  which  it  is  produced,  the 
amount  will  differ  but  little  from  this  estimate. 
The  condensation,  therefore,  of  a pound  of  steam  of 
any  degree  of  elasticity  would  be  adequate  to  raise 
a pound  of  water  970°.  The  capacity  of  atmos- 
pheric air,  of  mean  density,  for  heat,  compared  to 
that  of  water,  is  as  *2669  to  1 ; therefore  the  same 
quantity  of  heat  which  would  raise  a pound  of 
water  1°,  would  raise  a pound  of  air  3°*7.  The 
condensation  of  a pound  of  steam  would,  therefore, 
elevate  the  same  weight  of  air  to  3589°.  A pound 
of  air  is  equal  to  about  eleven  cubic  feet,  so  that 
the  evolution  of  heat  from  the  condensation  of  a 
pound  of  steam,  would  be  sufficient  to  raise  the 
temperature  of  3657  cubic  feet  of  air  10°. 

When  we  now  look  to  the  depth  of  water  which 
falls  upon  the  surface  of  the  earth,  and  recollect 
that  this  IS  not  the  sole  measure  of  the  effect  we  are 
endeavouring  to  estimate,  but  that  the  unceasing 
precipitation  and  exhalation  of  the  clouds  is  perpe- 
tually extending  this  influence  to  the  most  inacces- 
sible heights,  we  shall,  perhaps,  have  a juster 
notion  of  the  prodigious  power  of  atmospheric  va- 
pour ; and  it  will,  I think,  be  granted  that  I have 
not  over-rated  the  impulse  which  it  is  calculated  to 
impart. 
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CONSIDERED  WITH  REGARD  TO  HORTICULTURE. 


[The  following  Essay  was  read  before  the  Horticultural 
Society,  August  17th,  1824,  who  honoured  it  by  the  presenta- 
tion of  their  Medal.  It  is  here  reprinted  from  their  “ Transac- 
tions,” with  the  leave  of  the  Council.] 

The  following  observations  were  committed  to 
paper,  and  submitted  to  the  consideration  of  the 
Horticultural  Society,  at  the  particular  request  of 
their  Secretary.  The  author  would  scarcely  have 
thought  them  novel  or  important  enough  for  such  a 
destination,  but  he  defers  to  his  judgment^  and  shall, 
at  all  events,  have  had  the  pleasure  of  complying 
with  his  wishes. 

Horticulture  differs  from  Agriculture  in  one  very 
material  respect.  The  latter  has  for  its  object  the 
fertilization  of  the  soil  by  manures,  and  the  different 
processes  of  cultivation,  in  the  manner  best  adapted 
to  the  peculiarities  of  any  given  climate  : it  con- 
cerns itself  only  with  the  growth  and  nourishment 
of  such  plants  as  are  indigenous^  or,  by  a long 
course  of  treatment^  have  become  inured  to  the 
vicissitudes  of  weather  incidental  to  a particular 
latitude.  The  former  occupies  a much  wider  field 
of  research ; it  not  only  seeks  to  be  conversant 
with  the  constitution  of  soils,  but,  as  it  aspires  to 
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the  preservation  and  propagation  of  exotic  vegeta- 
tion, it  necessarily  embraces  the  consideration  of 
varieties  of  climate  : and  it  labours,  by  art,  to  assi- 
milate the  confined  space  of  its  operations  to  that 
constitution  of  atmosphere  which  is  most  congenial 
to  its  charge^  or  to  protect  them  at  different  periods 
of  their  growth  from  sudden  changes  of  weather 
which  would  be  detrimental  to  their  health.  Expe- 
rience has  anticipated  theoretical  knowledge  in 
suggesting  various  artifices,  by  which  these  ends 
may  be  effected;  a connected  view  of  which  has 
never,  I believe,  been  attempted,  but  may  prove 
to  be  not  without  interest  and  utility.  The  sugges- 
tions of  experience  may  probably  enlarge  the  con- 
clusions of  theory,  while  it  is  not  impossible  that 
the  improved  state  of  the  latter  may  be  found  to 
furnish  some  assistance  to  the  former. 

The  science  of  Horticulture,  with  regard  to  cli- 
mate, will  be  best  considered  in  two  divisions : the 
first  comprises  the  methods  of  mitigating  the  ex- 
tremes, or  exalting  the  energies,  of  the  natural  cli- 
mate in  the  open  air  ; the  second  embraces  the 
more  difficult  means  of  composing  and  maintaining 
a confined  atmosphere,  whose  properties  may  assi- 
milate with  those  of  the  natural  atmosphere  in 
intertropical  latitudes.  I shall  commence  my  ob- 
servations with  the  former. 

The  basis  of  the  atmosphere  has  been  proved  to 
be  of  the  same  chemical  composition  in  all  the 
regions  of  the  globe.  All  the  varieties  of  climate 
will  therefore  be  found  to  depend  upon  the  modifi- 
cations impressed  upon  it  by  light,  heat,  and  mois- 
ture ; and  over  these,  art  has  obtained,  even  in  the 
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open  air,  a greater  influence  than  at  first  sight  would 
appear  to  be  possible.  By  judicious  management, 
the  climate  of  our  gardens  is  rendered  congenial  to 
the  luxurious  productions  of  more  favoured  regions, 
and  flowers  and  fruits  from  the  confines  of  the  tropics, 
flourishing  in  the  open  air,  daily  prove  the  triumphs 
of  knowledge  and  industry. 

For  the  complete  understanding  of  the  subject  in 
all  its  bearings,  and  to  enable  us  to  derive  all  the 
practical  advantages  which  such  an  understanding 
would  certainly  afford,  it  would  be  necessary  to 
have  a full  knowledge  of  the  peculiarities  of  the 
-climate  of  every  region  of  the  earth;  a knowledge 
which  we  are  very  far  from  yet  possessing,  but  to 
which  rapid  advances  are  daily  making.  But 
above  all,  it  seems  necessary  that  we  should  under- 
stand the  atmospheric  variations  of  our  own  situa- 
tion. These,  though  not  constituting  the  greatest 
range  with  which  we  are  acquainted,  are  great,  and 
oftentimes  sudden.  The  range  of  the  thermometer 
in  the  shade  is  from  0°  to  90°  of  Fahrenheit’s  scale ; 
but  under  favourable  circumstances  the  heat  of  the 
sun’s  rays  reaches  135° : the  changes  of  moisture 
extend  from  1.000,  or  saturation,  to  389.  Now 
the  great  object  of  the  Horticulturist  is  to  stretch, 
as  it  were,  his  climate  to  the  south,  where  these 
extremes  of  drought  and  cold  never  occur  ; and  not 
only  to  guard  against  the  injurious  effects  of  the 
ultimate  severity  of  weather,  but  to  ward  off  the 
sudden  changes  which  are  liable  to  recur  in  the  differ- 
ent seasons  of  the  year.  To  enable  us  to  understand 
the  methods  of  effecting  this  end,  it  will  be  neces- 
sary to  consider  the  means  by  which  these  changes 
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are  brought  about  in  the  general  course  of  nature. 
The  principal  of  these  will  be  found  to  be,  wind 
and  radiation. 

The  amount  of  evaporation  from  the  soil,  and  of 
exhalation  from  the  foliage  of  the  vegetable  king- 
dom, depends  upon  two  circumstances, — the  satura- 
tion of  the  air  with  moisture,  and  the  velocity  of 
its  motion.  They  are  in  inverse  proportion  to  the 
former,  and  in  direct  proportion  to  the  latter. 

When  the  air  is  dry,  vapour  ascends  in  it  with 
great  rapidity  from  every  surface  capable  of  afford- 
ing it,  and  the  energy  of  this  action  is  greatly  pro- 
moted by  wind,  which  removes  it  from  the  exhaling 
body  as  fast  as  it. is  formed,  and  prevents  that 
accumulation  which  would  otherwise  arrest  the 
process. 

Over  the  state  of  saturation,  the  Horticulturist 
has  little  or  no  control  in  the  open  air,  but  over  its 
velocity  he  has  some  command.  He  can  break  the 
force  of  the  blast  by  artificial  means,  such  as  walls, 
palings,  hedges,  or  other  screens;  or  he  may  find 
natural  shelter  in  situations  upon  the  acclivities  of 
hills.  Excessive  exhalation  is  very  injurious  to 
many  of  the  processes  of  vegetation,  and  no  small 
proportion  of  what  is  commonly  called  blight  may 
be  attributed  to  this  cause.  Evaporation  increases 
in  a prodigiously  rapid  ratio  with  the  velocity  of 
the  wind,  and  anything  which  retards  the  motion  of 
the  latter,  is  very  efficacious  in  diminishing  the 
amount  of  the  former ; the  same  surface,  which  in 
a calm  state  of  the  air  would  exhale  100  parts  of 
moisture,  would  yield  125  in  a moderate  breeze, 
and  150  in  a high  wind.  The  dryness  of  the 
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atmosphere  in  spring  renders- the  effect  most  inju-  * 
rious  to  the  tender  shoots  of  this  season  of  the  year, 
and  the  easterly  winds  especially  are  most  to  be 
opposed  in  their  course.  The  moisture  of  the  air  \ 
flowing  from  any  point  between  N.  E.  and  S.  E. 
inclusive  is  to  that  of  the  air  from  the  other  quarter 
of  the  compass,  in  the  proportion  of  814  to  907  upon 
an  average  of  the  whole  year : and  it  is  no  uncom-  j 
mon  thing  in  spring  for  the  dew-point  to  be  more 
than  20  degrees  below  the  temperature  of  the 
atmosphere  in  the  shade,  and  I have  even  seen  the  \ 
difference  amount  to  30  degrees.  The  effect  of  i 
such  a degree  of  dryness  is  parching  in  the  extreme,  f 
and  if  accompanied  with  wind  is  destructive  to  the  j 
blossoms  of  tender  plants.  The  use  of  high  walls, 
especially  upon  the  northern  and  eastern  sides  of  a 
garden,  in  checking  this  evil,  cannot  be  doubtful,  and 
in  the  case  of  tender  fruit-trees,  such  screens  should 
not  be  too  far  apart. 

And  here  theory  would  suggest  another  precau- 
tion, which,  I believe,  has  never  yet  been  adopted, 
but  which  would  be  well  worthy  of  a trial.  When 
trees  are  trained  upon  a wall  with  a southern 
aspect,  they  have  the  advantage  of  a greatly  exalted 
temperature  ; but  this  temperature,  in  spring,  differs 
from  the  warmth  of  a more  advanced  period  of  the 
year,  or  of  a more  southern  climate,  in  not  being 
accompanied  by  an  increase  of  moisture.  In  the 
extremely  dry  state  of  the  atmosphere  to  which  I 
am  now  alluding,  the  enormous  exhalation  from  the 
blossoms  of  tender  fruit  trees,  which  must  thus  be 
induced,  cannot  fail  of  being  extremely  detrimental; 
the  effect  of  shading  the  plants  from  the  direct  rays 
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of  the  sun  should  therefore  be  ascertained,  ^he 
state  of  the  weather  to  which  I refer,  often  occt|^in 
April,  May,  and  June,  but  seldom  lasts  many  hoiirs. 
Great  mischief,  however,  may  arise  in  a very  small 
interval  of  time,  and  the  disadvantage  of  a partial 
loss  of  light  cannot  be  put  in  comparison  with  the 
probable  effect  which  I have  pointed  out. 

During  the  time  in  which  I kept  a register  of  the 
weather,  I have  seen  in  the  month  of  May  the 
thermometer  in  the  sun  at  101°, -while  the  dew-point 
was  only  34° ; the  state  of  saturation  of  the  air,  upon 
a south  wall,  consequently  only  amounted  to  120,  a 
state  of  dryness  which  is  certainly  not  surpassed  by 
an  African  Harmattan.  The  shelter  of  a mat  on 
such  occasions,  would  often  prevent  the  sudden 
injury  which  so  frequently  arises  at  this  period  of 
the  year. 

Some  of  the  present  practices  of  gardening  are 
founded  upon  experience  of  similar  effects  ; and  it  is 
well  known  that  cuttings  of  plants  succeed  best  in  a 
border  with  a northern  aspect  protected  from  the 
wind : or,  if  otherwise  situated,  they  require  to  be 
screened  from  the  force  of  the  noon-day  sun.  If 
these  precautions  be  unattended  to,  they  speedily 
droop  and  die.  For  the  same  reason,  the  autumn  is 
selected  for  placing  them  in  the.  ground,  as  well  as 
for  transplanting  trees;  the  atmosphere  at  that 
season  being  saturated  with  moisture,  is  not  found 
to  exhaust  the  plant  before  it  has  become  rooted  in 
the  soil. 

Over  the  absolute  state  of  vapour  in  the  air  we 
are  wholly  powerless,  and  by  no  system  of  watering 
can  we  affect  the  dew-point  in  the  free  atmosphere. 
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This  is  determined  in  the  upper  regions ; it  is  only 
therefore  by  these  indirect  methods,  and  by  the 
selection  of  proper  seasons,  that  we  can  preserve 
the  more  tender  shoots  of  the  vegetable  kingdom 
from  the  injurious  effects  of  excessive  exhalation. 

Radiation,  the  second  cause  which  I have  men- 
tioned as  producing  a sudden  and  injurious  influ- 
ence upon  the  tender  products  of  the  garden,  is  one 
that  has  been  little  understood,  till  of  late  years,  by 
the  natural  philosopher ; and  even  to  this  day  has 
not  been  rendered  familiar  to  the  practical  gar- 
dener; who,  although  he  has  been  taught  by 
experience  to  guard  against  some  of  its  effects,  is 
totally  unacquainted  with  the  theory  of  his  practice. 
Dr.  Wells,  to  whose  admirable  Essa^  upon  Dew  we 
are  so  much  indebted  for  our  present  knowledge 
upon  this  important  subject,  thus  candidly  remarks 
upon  this  anticipation  of  science : “ I had  often,  in 
the  pride  of  half-knowledge,  smiled  at  the  means 
frequently  employed  by  gardeners  to  protect  tender 
plants  from  cold  ; as  it  appeared  to  me  impossible 
that  a thin  mat  or  any  such  flimsy  substance  could 
prevent  them  from  attaining  the  temperature  of  the 
atmosphere,  by  which  alone  I thought  them  liable 
to  be  injured.  But  when  I had  learned  that  bodies 
on  the  surface  of  the  earth  become,  during  a still 
and  serene  night,  colder  than  the  atmosphere,  by 
radiating  their  heat  to  the  heavens,  I perceived 
immediately  a just  reason  for  the  practice  which  I 
had  before  deemed  useless.” 

The  power  of  emitting  heat  in  straight  lines  in 
every  direction,  independently  of  contact,  may  be 
regarded  as  a property  common  to  all  matter ; but 
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differing  in  degree  in  different  kinds  of  matter. 
Co-existing  with  it,  in  the  same  degrees,  may  be 
regarded  the  power  of  absorbing  heat  so  emitted 
from  other  bodies.  Polished  metals,  and  the  fibres 
of  vegetables  may  be  considered  as  placed  at  the 
two  extremities  of  the  scale  upon  which  these  pro- 
perties in  different  substances  may  be  measured. 
If  a body  be  so  situated  that  it  may  receive  just  as 
much  radiant  heat  as  itself  projects,  its  temperature 
remains  the  same ; if  the  surrounding  bodies  emit 
heat  of  greater  intensity  than  the  same  body,  its 
temperature  rises,  till  the  quantity  which  it  receives 
exactly  balances  its  expenditure  ; at  which  point  it 
again  becomes  stationary  : and  if  the  power  of 
radiation  be  exerted  under  circumstances  which 
prevent  a return,  the  temperature  of  the  body 
declines.  Thus,  if  a thermometer  be  placed  in  the 
focus  of  a concave  metallic  mirror^  and  turned 
towards  any  clear  portion  of  the  sky,  at  any  period 
of  the  day,  it  will  fall  many  degrees  below  the 
temperature  of  another  thermometer  placed  near  it, 
out  of  the  mirror : the  power  of  radiation  is  exerted 
in  both  thermometers,  but  to  the  first  all  return  of 
radiant  heat  is  cut  off,  while  the  other  receives  as 
much  from  the  surrounding  bodies,  as  itself  pro- 
jects. This  interchange  amongst  bodies  takes 
place  in  transparent  media  as  well  as  in  vacuo  ; but 
in  the  former  case  the  effect  is  modified  by  the 
equalizing  power  of  the  medium. 

Any  portion  of  the  surface  of  the  globe  which  is 
fully  turned  towards  the  sun  receives  more  radiant 
heat  than  it  projects,  and  becomes  heated ; but 
when,  by  the  revolution  of  the  axis,  this  portion  is 
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turned  from  the  source  of  heat,  the  radiation  into 
space  still  continues,  and  being  uncompensated, 
the  temperature  declines.  In  consequence  of  the 
different  degrees  in  which  different  bodies  possess 
this  power  of  radiation,  two  contiguous  portions  of 
the  system  of  the  earth  will  become  of  different 
temperatures  ; and  if  on  a clear  night  we  place  a 
thermometer  upon  a grass-plat,  and  another  upon  a 
gravel-walk  or  the  bare  soil,  we  shall  find  the 
temperature  of  the  former  many  degrees  below  that 
of  the  latter:  the  fibrous  texture  of  the  grass  is 
favourable  to  the  emission  of  the  heat,  but  the 
dense  surfaces  of  the  gravel  seem  to  retain  and  fix 
it.  But  this  unequal  effect  will  only  be  perceived 
when  the  atmosphere  is  unclouded,  and  a free  pas- 
sage is  open  into  space ; for  even  a light  mist  will 
arrest  the  radiant  matter  in  its  course,  and  return 
as  much  to  the  radiating  body  as  it  emits.  The 
intervention  of  more  substantial  obstacles  will  of 
course  equally  prevent  the  result^  and  the  balance 
of  temperature  will  not  be  disturbed  in  any  sub- 
stance which  is  not  placed  in  the  clear  aspect  of  the 
sky.  A portion  of  a grass-plat  under  the  protection 
of  a tree  or  hedge,  will  generally  be  found,  on  a 
clear  night,  to  be  eight  or  ten  degrees  warmer  than 
surrounding  unsheltered  parts^  and  it  is  well  known 
to  gardeners  that  less  dew  and  frost  are  to  be 
found  in  such  situations  than  in  those  which  are 
wholly  exposed. 

There  are  many  independent  circumstances  which 
modify  the  effects  of  this  action^  such  as  the  state 
of  the  radiating  body,  its  power  of  conducting 
heat,  &c.  If,  for  instance,  the  body  be  in  a liquid 
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or  aeriform  stale,  although  the  process  may  go  on 
freely,  as  in  water,  the  cold  produced  by  it  will  not 
accumulate  upon  the  surface,  but  will  be  dispersed 
by  known  laws  throughout  the  mass  ; and  if  a solid 
body  be  a good  radiator  but  a bad  conductor  of 
heat,  the  frigorific  effect  will  be  condensed  upon 
the  face  which  is  exposed.  So,  upon  the  surface  of 
the  earth,  absolute  stillness  of  the  atmosphere  is 
necessary  for  the  accumulation  of  cold  upon  the 
radiating  body ; for  if  the  air  be  in  motion,  it  dis- 
perses and  equalizes  the  effect,  with  a rapidity  pro- 
portioned to  its  velocity. 

It  is  upon  these  principles  that  Dr.  Wells  has 
satisfactorily  explained  all  the  phenomena  connected 
with  dew  or  hoar  frost.  This  deposition  of  moisture 
is  owing  to  the  cold  produced  in  bodies  by  radia- 
tion, which  condenses  the  atmospheric  vapour  upon 
their  surfaces.  It  takes  place  upon  vegetables,  but 
not  upon  the  naked  soil.  The  fibres  of  short  grass 
are  particularly  favourable  to  its  formation.  It  is 
not  produced  either  in  cloudy  or  in  windy  weather, 
or  in  situations  which  are  not  perfectly  open  to  the 
sky.  It  is  never  formed  upon  the  good  conducting 
surfaces  of  metals,  but  is  rapidly  deposited  upon 
the  badly  conducting  surfaces  of  filamentous  bodies, 
such  as  cotton,  wool,  &c. 

In  remarking  that  dew  is  never  formed  upon 
metals,  it  is  necessary  to  distinguish  a secondary 
effect,  which  often  causes  a deposition  of  moisture 
upon  every  kind  of  surface  indiscriminately.  The 
cold  which  is  produced  upon  the  surface  of  the 
radiating  body,  is  communicated  by  slow  degrees 
to  the  surrounding  atmosphere  ; and,  if  the  effect  be, 
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great  and  of  sufficient  continuance,  moisture  is  not 
only  deposited  upon  the  solid  body,  but  is  preci- 
pated  in  the  air  itself ; from  which  it  slowly  sub- 
sides, and  settles  upon  everything  within  its  range. 

The  formation  of  dew  is  one  of  the  circumstances 
which  modify  and  check  the  refrigerating  effect  of 
radiation ; for,  as  the  vapour  is  condensed,  it  gives 
out  the  latent  heat  with  which  it  was  combined  in 
its  elastic  form,  and  thus,  no  doubt,  prevents  an 
excess  of  depression  which  might  in  many  cases 
prove  injurious  to  vegetation.  A compensating 
arrangement  is  thus  established,  which,  while  it 
produces  all  the  advantages  of  this  gentle  effusion 
of  moisture,  guards  against  the  injurious  concen- 
tration of  the  cause  by  which  it  is  produced. 

The  effects  of  radiation  come  under  the  conside- 
ration of  the  Horticulturist  in  two  points  of  view : 
the  first  regards  the  primary  influence  upon  vege- 
tables exposed  to  it ; the  second  the  modifications 
produced  by  it  upon  the  atmosphere  of  particular 
situations.  To  vegetables  growing  in  the  climates 
for  which  they  were  originally  designed  by  nature, 
there  can  be  no  doubt  that  the  action  of  radiation  is 
particularly  beneficial,  from  the  deposition  of  mois- 
ture which  it  determines  upon  their  foliage  : but  to 
tender  plants  artificially  trained  to  resist  the  rigours 
of  an  unnatural  situation,  this  extra  degree  of  cold 
may  prove  highly  prejudicial.  It  also  appears 
probable,  from  observation,  that  the  intensity  of  this 
action  increases  with  the  distance  from  the  equator 
to  the  poles  ; as  the  lowest  depression  of  the  ther- 
mometer which  has  been  registered  between  the 
tropics,  from  this  cause,  is  12\  whereas  in  the  lati- 
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tude  of  London^  it  not  urifrequently  amounts  to  17"^. 
But,  however  this  may  be,  it  is  certain  that  vege- 
tation in  this  country  is  liable  to  be  affected  at  night 
from  the  influence  of  radiation,  by  a temperature 
below  the  freezing  point  of  water,  ten  months  in 
the  year ; and  even  in  the  two  months  July  and 
August^  which  are  the  only  exceptions,  a thermo- 
meter covered  with  wool  will  sometimes  fall  to  35°. 
It  is,  however,  only  low  vegetation  upon  the  ground 
which  is  exposed  to  the  full  rigour  of  this  effect. 
In  such  a situation  the  air  which  is  cooled  by  the 
process,  lies  upon  the  surface  of  the  plants^  and 
from  its  weight  cannot  make  its  escape  ; but  from 
the  foliage  of  a tree  or  shrub,  it  glides  off  and  settles 
upon  the  ground. 

. Anything  which  obstructs  the  free  aspect  of  the 
sky  arrests,  in  proportion,  the  progress  of  this  refri- 
geration, and  the  slightest  covering  of  cloth  or 
matting  annihilates  it  altogether.  Trees  trained 
upon  a wall  or  paling,  or  plants  sown  under  their 
protection,  are  at  once  cut  off  from  a large  portion 
of  this  evil ; and  are  still  further  protected,  if  within 
a moderate  distance  of  another  opposing  screen. 
The  most  perfect  combination  for  the  growth  of 
exotic  fruits  in  the  open  air  would  be  a number  of 
parallel  walls  within  a short  distance  of  one  another, 
facing  the  south-east  quarter  of  the  heavens : the 
spaces  between  each  should  be  gravelled,  except 
a narrow  border  on  each  side,  which  should  be  kept 
free  from  weeds  and  other  short  vegetables.  On 
the  southern  sides  of  these  walls,  peaches,  necta- 
rines, figs,  &c.  might  be  trained  to  advantage,  and 
on  their  northern  sides  many,  hardier  kinds  of 
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fruit  would  be  very  advantageously  situated.  Ten- 
der exotic  trees  would  thus  derive  all  the  benefit  of 
the  early  morning  sun,  which  would  at  the  earliest 
moment  dissipate  the  greatest  accumulation  of  cold 
which  immediately  precedes  its  rise,  and  the  inju- 
rious influence  of  nocturnal  radiation  would  be 
almost  entirely  prevented.  Upon  trees  so  trained, 
the  absolute  perpendicular  impression  could  have 
little  effect,  and  this  little  might  even  be  prevented 
by  a moderate  coping. 

Mats  or  canvass,  upon  rollers  to  draw  down 
occasionally  in  front  of  the  trees,  at  the  distance  of 
a foot  or  two  from  their  foliage,  would,  I have  no 
doubt,  be  a great  advantage  in  certain  dry  states  of 
the  atmosph^,  before  alluded  to,  and  in  the  case 
of  walls  which  are  not  opposed  to  others,  would  be 
a good  substitute  for  the  protection  of  the  latter. 

Experience  has  taught  gardeners  the  advantages 
of  warding  off  the  effects  of  frost  from  tender  vege- 
tables, by  loose  straw  or  other  litter,  but  the  sys- 
tem of  matting  does  not  appear  to  be  carried  to  that 
extent  which  its  simplicity  and  efficacy  would  sug- 
gest. Neither  does  the  manner  of  fixing  the  screen 
exhibit  a proper  acquaintance  with  the  principle 
upon  which  it  is  resorted  to  : it  is  generally  bound 
tight  round  the  tree  which  it  is  required  to  protect, 
or  nailed  in  close  contact  with  its  foliage. 

Now  it  should  be  borne  in  mind  that  the  radia- 
tion is  only  transferred  fram  the  tree  to  the  mat,  and 
the  cold  of  the  latter  will  be  conducted  to  the  former 
in  every  point  where  it  touches.  Contact  should 
therefore  be  prevented  by  hoops  or  other  means 
properly  applied,  and  the  stratum  of  air  v/hich  i^ 
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enclosed  will  by  its  low  conducting  power  effectu- 
ally secure  the  plant.  With  their  foliage  thus 
protected,  and  their  roots  well  covered  with  litter, 
many  evergreens  might  doubtless  be  brought  to 
survive  the  rigour  of  our  winters,  which  are  now 
confined  to  the  stunted  growth  of  the  greenhouse 
and  conservatory. 

The  secondary  effect  which  radiation  has  upon 
the  climate  of  particular  situations,  is  a point  which 
is  less  frequently  considered  than  the  primary  one 
which  we  have  been  investigating ; but  which  re- 
quires, perhaps,  still  more  attention.  The  utmost 
concentration  of  cold  can  only  take  place  in  a per- 
fectly still  atmosphere : a very  slight  motion  of  the 
air  is  sufficient  to  disperse  it.  A low  mist  is  often 
formed  in  meadows  in  particular  situations,  which 
is  the  consequence  of  the  slow  extension  of  this  cold 
in  the  air,  as  before  described  : the  agitation  of 
merely  walking  through  this  condensation  is  fre- 
quently sufficient  to  disperse  and  melt  it.  A valley 
Surrounded  by  low  hills,  is  more  liable  to  the  effects 
of  radiation  than  the  tops  and  sides  of  the  hills 
themselves ; and  it  is  a well-known  fact  that  dew 
and  hoar  frost  are  always  more  abundant  in  the 
former  than  in  the  latter  situations.  It  is  not  meant 
to  include  in  this  observation,  places  surrounded  by 
lofty  and  precipitous  hills  which  obstruct  the  aspect 
of  the  sky,  for  in  such,  the  contrary  effect  w^ould  be 
produced.  Gentle  slopes,  which  break  the  undu- 
lations of  the  air,  without  naturally  circumscribing 
the  heavens,  are  more  efficient  in  promoting  this 
action ; and  it  is  worthy  of  remark  and  considera- 
tion, that  by  walls  and  -other  fences  we  may  arti- 
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ficially  combine  circumstances  which  may  produce 
the  same  injurious  effect. 

But  the  influence  of  hills  upon  the  nightly  tem- 
perature of  the  valleys  which  they  surround  is  not 
confined  to  this  insulation ; radiation  goes  on  upon 
their  declivities,  and  the  air  which  is  condensed  by 
the  cold  rolls  down  and  lodges  at  their  feet. 

Their  sides  are  thus  protected  from  the  chill,  and 
a double  portion  falls  upon,  what  many  are  apt  to 
consider,  the  more  sheltered  situation.  Experience 
amply  confirms  these  theoretical  considerations.  It 
is  a very  old  remark,  that  the  injurious  effects  of 
cold  occur  chiefly  in  hollow  places,  and  that  frosts 
are  less  severe  upon  hills  than  in  neighbouring 
plains.  It  is  consistent  with  my. own  observations 
that  the  leaves  of  the  vine,  the  walnut-tree,  and  the 
succulent  shoots  of  dahlias  and  potatoes,  are  often 
destroyed  by  frost  in  sheltered  valleys,  on  nights 
when  they  are  perfectly  untouched  upon  the  sur- 
rounding eminences ; and  I have  seen  a difference 
of  30  degrees  on  the  same  night  between  two  ther- 
mometers placed  in  the  two  situations,  in  favour  of 
the  latter. 

The  advantages  of  placing  a garden  upon  a gentle 
slope  must  be  hence  very  apparent : a running 
stream  at  its  foot  would  secure  the  further  benefit 
of  a contiguous  surface,  not  liable  to  refrigeration, 
and  would  prevent  any  injurious  stagnation  of  the 
air.  Few  situations  are  likely  to  fulfil  all  the  con- 
ditions which  theory  would  suggest  for  the  most 
perfect  mitigation  of  the  climate  in  the  open  air ; 
but  the  preceding  remarks  may  not  be  without 
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their  use  in  pointing  out  localities,  which,  with  this 
view,  are  most  to  be  avoided. 

Little  is  in  the  power  of  the  Horticulturist  to 
effect  in  the  way  of  exalting  the  powers  of  the  cli- 
mate in  the  open  air  ; except  by  choice  of  situation  ' 
with  regard  to  the  sun,  and  the  concentration  of  its 
rays  upon  walls  and  other  screens.  The  natural 
reverberation  from  these  and  the  subjacent  soil,  is 
however  very  effective,  and  few  of  the  productions 
of  the  tropical  regions  are  exposed  to  a greater  heat 
than  a 'well-trained  tree  upon  a wall  in  summer. 
Indeed,  it  would  appear  from  experiment,  that  the 
power  of  radiation  from  the  sun,  like  that  of  radia- 
tion from  the  earth,  increases  with  the  distance 
from  the  equator  ; and  there  is  a greater  difference 
between  a thermometer  placed  in . the  shade,  and 
another  in  the  solar  rays  in  this  country,  than  in 
.Sierra  Leone  or  Jamaica.  The  observations  of 
the  President  of  this  Society  upon  the  growth  of 
pine-apples  is  in  exact  accordance  with  this  idea ; 
for  he  has  remarked  that  this  species  of  plant, 
though  extremely  patient  of  a high  temperature,  is 
not  by  any  means  so  patient  of  the  action  of  very 
continued  bright  light  as  many  other  plants,  and 
much  less  so  than  the  fig  and  orange  tree  ; and  he 
is  inclined  to  think  that  on  this  account  they  may  be 
found  to  ripen  their  fruit  better  in  the  spring  than 
in  the  middle  of  the  summer  This  energy  of  the 
sun  is  at  times  so  great  that  it  often  becomes  neces- 
sary to  shade  delicate  flowers  from  its  influence ; 


* See  Horticultural  Transactions,  vol.  iv.  page  548. 
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and  I have  already  pointed  out  a case  in  which  it 
would  be  desirable  to  try  the  same  precaution  with 
the  early  blossom  of  certain  fruit-trees.  The  great- 
est power  is  put  forth  in  this  country  in  June,  while 
the  greatest  temperature  of  the  air  does  not  take 
place  till  July.  The  temperature  of . summer  may 
thus  be  anticipated  a month,  in  well- secured  situa- 
tions. 

The  greatest  disadvantage  to  which  Horticulture 
is  subject  in  this  climate,  is  the  uncertainty  of  clear 
weather ; a circumstance  which  art  has,  of  course, 
no  means  to  control ; no  artificial  warmth  is  capa- 
ble of  supplying  the  deficiency  when  it  occurs,  and 
without  the  solar  beams  fruits  lose  their  flavour  and 
flowers  the  brightness  of  their  tints.  It  has  been 
attempted  to  communicate  warmth  to  walls  by 
means  of  fire  and  flues,  but  without  the  assistance 
of  glass  no  great  success  has  attended  the  trial. 

It  is  well  known  that  solar  heat  is  absorbed  by 
different  substances  with  various  degrees  of  facility 
dependant  upon  their  colours,  and  that  black  is  the 
most  efficacious  in  this  respect.  It  has  therefore 
been  proposed  to  paint  garden  walls  of  this  colour  ; 
but  no  great  benefit  is  likely  to  arise  from  this  sug- 
gestion. It  is  probable  that  in  the  spring,  when 
the  trees  are  devoid  of  foliage,  the  wood  may  thus 
be  forced  to  throw  out  its  blossom  somewhat  earlier 
than  it  otherwise  would ; but  this  would  be  rather 
a disadvantage,  as  the  flower  would  become  ex- 
posed to  the  vicissitudes  of  an  early  spring.  It  is 
more  desirable  to  check  than  to  force  this  delicate 
and  important  process  of  vegetation,  as  much  injury 
may  arise  from  its  premature  development.  When 
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the  tree  has  put  forth  its  foliage,  the  colour  of  its 
protecting  support  can  have  no  influence  in  any 
way : the  leaves  cover  the  surface,  and  absorb  the 
rays  by  their  own  inherent  powers.  The  only 
known  advantage  which  can  be  taken  of  this  pecu- 
liar power  in  dark  substances,  is  in  the  case  of 
covering  up  fruits,  to  preserve  them  from  the 
ravages  of  flies  ; grapes  which  are  enclosed  in  bags 
of  black  crape  ripen  better  than  those  in  white ; 
but  I believe  that  it  is  admitted  that  neither  do  so 
well  as  those  which  are  freely  exposed. 


I come  now  to  the  consideration  of  a confined 
atmosphere ; the  management  of  which  being 
entirely  dependent  upon  art,  requires  in  the  Hor- 
ticulturist a more  extended  acquaintance  with  the 
laws  of  nature,  with  regard  to  climate,  and  greater 
skill  and  experience  in  the  application  of  his 
means.  The  plants  which  require  this  protection 
are  in  the  most  artificial  state  which  it  is  possible 
to  conceive ; for,  not  only  are  their  stems  and 
foliage  subject  to  the  vicissitudes  of  the  air  in  which 
they  are  immersed,  but,  in  most  cases,  their  roots 
also.  The  soil  in  which  they  are  set  to  vegetate  is 
generally  contained  in  porous  pots  of  earthernware, 
to  the  interior  surface  of  which  the  tender  fibres 
quickly  penetrate  and  spread  in  every  direction ; 
they  are  thus  exposed  to  every  change  of  tempera- 
ture and  humidity,  and  are  liable  to  great  chills 
from  any  sudden  increase  of  evaporation.  This 
part  of  the  subject  naturally  divides  itself  into  two 
branches.  The  first  regards  the  treatment  of  such 
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exotics  as  are  wholly  dependent  upon  the  artificial 
atmosphere  of  hot-houses  : the  second  refers  to  the 
management  of  those  hardier  plants  which  only 
require  to  be  preserved  in  green-houses  part  of  the 
year,  but  during  the  summer  months  are  exposed 
to  the  changes  of  the  open  air.  I shall  offer  a few 
remarks  first  on  the  atmosphere  of  a hot-house. 

The  principal  considerations  which  generally 
guide  the  management  of  gardeners  in  this  delicate 
department  are  those  of  temperature;  but  there 
are  others,  regarding  moisture,  which  are,  I con- 
ceive, of  at  least  equal  importance.  The  inhabi- 
tants of  the  hot-house  are  all  natives  of  the  torrid 
zone,  and  the  climate  of  this  region  is  not  only  dis- 
tinguished by  an  unvarying  high  degree  of  -heat, 
but  also  by  a very  vaporous  atmosphere.  Captain 
Sabine,  in  his  meteorological  researches  between 
the  tropics,  rarely  found,  at  the  hottest  period  of 
the  day,  so  great  a difference  as  ten  degrees 
between  the  temperature  of  the  air  and  the  dew- 
point ; making  the  degree  of  saturation  about  730, 
but  most  frequently  5°  or  850 ; and  the  mean  satu- 
ration of  the  air  could  not  have  been  below  910, 
Now  I believe,  that  if  the  hygrometer  were  con- 
sulted, it  would  be  no  uncommon  thing  to  find  in 
hot-houses,  as  at  present  managed,  a difference  of 
20°  between  the  point  of  condensation  and  the  air, 
or  a degree  of  moisture  falling  short  of  500.  The 
danger  of  over-watering  most  of  the  plants,  espe- 
cially at  particular  periods  of  their  growth,  is  in 
general  very  justly  appreciated ; and  in  conse- 
quence the  earth  at  their  roots  is  kept  in  a state 
comparatively  dry ; the  only  supply  of  moisture 
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being  commonly  derived  from  the  pots,  the  exha- 
lations of  the  leaves  is  not  enough  to  saturate 
the  air,  and  the  consequence  is  a prodigious  power 
of  evaporation.  This  is  injurious  to  the  plants  in 
two  ways : in  the  first  place,  if  the  pots  be  at  all 
moist,  and  not  protected  by  tan  or  other  litter,  it 
produces  a considerable  degree  of  cold  upon  their 
surface,  and  communicates  a chill  to  the  tender 
fibres  with  which  they  are  lined.  The  danger  of 
such  a chill  is  carefully  guarded  against  in  the  case 
of  watering,  for  it  is  one  of  the  commonest  precau- 
tions not  to  use  any  water  of  a temperature  at  all 
inferior  to  that  of  the  hot  air  of  the  house ; inat- 
tention to  this  point  is  quickly  followed  by  disas- 
trous consequences.  The  danger  is  quite  as  great 
from  a moist  flower-pot  placed  in  a very  dry 
atmosphere. 

The  custom  of  lowering  the  temperature  of  fluids 
in  hot  climates,  by  placing  them  in  coolers  of  wet 
porous  earthenware,  is  well  known,  and  the  common 
garden-pot  is  as  good  a cooler  for  this  purpose  as 
can  be  made.  Under  the  common  circumstances  of 
the  atmosphere  of  a hot-house,  a depression  of 
temperature  amounting  to  15  or  20  degrees,  may 
easily  be  produced  upon  such  an  evaporating  sur- 
face. But  the  greatest  mischief  will  arise  from  the 
increased  exhalations  of  the  plants  so  circum- 
stanced, and  the  consequent  exhaustion  of  the 
powers  of  vegetation.  The  flowers  of  the  torrid 
zone  are  many  of  them  of  a very  succulent  nature, 
argely  supplied  with  cuticular  pores,  and  their 
tender  buds  are  unprovided  with  those  integuments 
and  other  wonderful  provisions  by  which  nature 


WITH  REGARD  TO  HORTICULTURE. 


531 


guards  her  first  embryo  productions  in  more  uncer- 
tain climates.  Comparatively  speakings  they  shoot 
naked  into  the  world,  and  are  suited  only  to  that 
enchanting  mildness  of  the  atmosphere,  for  which 
the  whole  system  of  their  organization  is  adapted. 
In  the  tropical  climates  the  sap  never  ceases  to  flow, 
and  sudden  checks  or  accelerations  of  its  progress 
are  as  injurious  to  its  healthy  functions  as  they  are 
necessary  in  the  plants  of  more  variable  climates  to 
the  formation  of  those  hyhernacula  which  are  pro- 
vided for  the  preservation  of  the  shoots  in  the 
winter  season.  Some  idea  may  be  formed  of  the 
prodigiously  increased  drain  upon  the  functions  of 
a plant  arising  from  an  increase  of  dryness  in  the 
air  from  the  following  consideration.  If  we  suppose 
the  amount  of  its  perspiration,  in  a given  time,  to 
be  57  grains,  the  temperature  of  the  air  being  75“, 
and  the  dew-point  70,  or  the  saturation  of  the  air 
being  849,  the  amount  would  be  increased  to  120 
grains  in  the  same  time  if  the  dew-point  were  to 
remain  stationary,  and  the  temperature  were  to  rise 
to  80° ; or  in  other  words,  if  the  saturation  of  the 
air  were  to  fall  to  726. 

Besides  this  power  of  transpiration,  the  leaves  of 
vegetables  exercise  also  an  absorbent  function, 
which  must  be  no  less  disarranged  by  any  defi- 
ciency of  moisture.  Some  plants  derive  the  great- 
est portion  of  their  nutriment  from  the  vaporous 
atmosphere,  and  all  are  more  or  less  dependent 
upon  the  same  source.  The  Nepenthes  distillatoria 
lays  up  a store  of  water  in  the  cup  formed  at  the 
end  of  its  leaves,  which  is  probably  secreted  from 
the  air,  and  applied  to  the  exigences  of  the  plant 
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when  exposed  to  drought,  and  the  quantity^  which 
is  known  to  vary  in  the  hot-house,  is  no  doubt  con- 
nected with  the  state  of  moisture  of  the  atmosphere. 

These  considerations  must  be  sufficient,  I ima- 
gine, to  place  in  a strong  light  the  necessity  of  a 
strict  attention  to  the  atmosphere  of  vapour  in  our 
artificial  climates,  and  to  enforce  as  absolute  an 
imitation  as  possible  of  the  example  of  nature. 
The  means  of  effecting  this  is  the  next  object  of 
our  inquiry. 

Tropical  plants  require  to  be  watered  at  the 
root  with  great  caution,  and  it  is  impossible  that  a 
sufficient  supply  of  vapour  can  be  kept  up  from  this 
source  alone.  There  can  however  be  no  difficulty 
in  keeping  the  floor  of  the  house,  and  the  flues,  con- 
tinually wet,  and  an  atmosphere  of  great  elasticity 
may  thus  be  maintained  in  a way  perfectly  analo- 
gous to  the  natural  process.  Where  steam  is 
employed  as  the  means  of  communicating  heat,  an 
occasional  injection  of  it  into  the  air  may  also  be 
had  recourse  to:  but  this  method  would  require 
much  attention  on  the  part  of  the  superintendent, 
whereas  the'  first  cannot  easily  be  carried  to  excess. 

It  is  true  that  damp  air  or  floating  moisture  of 
long  continuance  would  also  be  detrimental  to  the 
health  of  the  plants,  for  it  is  absolutely  necessary 
that  the  process  of  transpiration  should  proceed ; 
but  there  is  no  danger  that  the  high  temperature  of 
the  hot-house  should  ever  attain  the  point  of  satura- 
tion by  spontaneous  evaporation.  The  temperature 
of  the  external  air  will  always  keep  down  the  force 
of  the  vapour ; for  as  in  the  natural  atmosphere 
the  dew-point  at  the  surface  of  the  earth  is  regu- 
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Jated  by  the  cold  of  the  upper  regions,  so  in  a house 
the  point  of  deposition  is  governed  by  the  tempe- 
rature of  the  glass  with  which  it  is  in  contact.  In 
a well-ventilated  hot-house,  by  watering  the  floor 
in  summer,  we  may  bring  the  dew-point  within 
four  or  five  degrees  of  the  temperature  of  the  air, 
and  the  glass  will  be  perfectly  free  from  moisture  ; 
by  closing  the  ventilators  we  shall  probably  raise 
the  heat  10  or  15  degrees,  but  the  degree  of  satura- 
tion will  remain  nearly  the  same,  and  a copious 
dew  will  quickly  form  upon  the  glass,  and  will 
shortly  run  down  in  streams.  A process  of  distilla- 
tion is  thus  established,  which  prevents  th»  vapour 
from  attaining  the  full  elasticity  of  the  temperature. 

This  action  is  beneficial  within  certain  limits; 
and  at  particular  seasons  of  the  year ; but  when  the 
external  air  is  very  cold,  or  radiation  proceeds  very 
rapidly,  it  may  become  excessive  and  prejudicial. 
It  is  a well-known  fact,  but  one  which  I believe 
has  never  yet  been  properly  explained,  that  by 
attempting  to  keep  up  in  a hot-house  the  same 
degree  of  heat  at  night  as  during  the  day,  the 
plants  become  scorched  ; from  what  has  been  pre- 
mised, it  will  be  evident  that  this  is  owing  to  the 
low  temperature  of  the  glass,  and  the  consequent 
low  dew-point  in  the  house,  which  occasions  a 
degree  of  dryness  which  quickly  exhausts  the 
juices. 

Much  of  this  evil  might  be  prevented  by  such 
simple  and  cheap  means  as  an  external  covering  of 
mats  or  canvass. 

The  heat  of  the  glass  of  a hot-house  at  night  does 
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not  probably  exceed  the  mean  of  the  external  and  in- 
ternal air,  and  taking  these  at  80°  and  40°_,  20  degrees 
of  dryness  are  kept  up  in  the  interior ; or  a degree  of 
saturation  not  exceeding  528.  To  this,  in  a clear 
night,  we  may  add  at  least  6°  for  the  effects  of  radia- 
tion, to  which  the  glass  is  particularly  exposed, 
which  would  reduce  the  saturation  to  434"^,  and  this 
is  a degree  of  drought  which  must  be  nearly 
destructive.  It  will  be  allowed  that  the  case  which 
I have  selected  is  by  no  means  extreme,  and  it  is 
one  which  is  liable  to  occur  even  in  the  summer 
months.  Now  by  an  external  covering  of  mats, 
&c.  the  effects  of  radiation  would  be  at  once  annihi- 
lated, and  a thin  stratum  of  air  would  be  kept  in 
contact  with  the  glass  which  would  become  warmed, 
and  consequently  tend  to  prevent  the  dissipation  of 
the  heat.  But  no  means  would  of  course  be  so 
effective  as  double  glass  including  a stratum  of  air : 
indeed,  such  a precaution  in  winter  seems  almost 
essential  to  any  great  degree  of  perfection  in  this 
branch  of  Horticulture.  When  it  is  considered 
that  a temperature  at  night  of  20°  is  no  very  unfre- 
quent occurrence  in  this  country,  the  saturation  of 
the  air  may  upon  such  occasions  fall  to  120°,  and 
such  an  evil  can  only  at  present  be  guarded  against 
by  diminishing  the  interior  heat  in  proportion. 

By  materially  lowering  the  temperature  we  com- 
municate a check  which  is  totally  inconsistent  with 
the  welfare  of  tropical  vegetation.  The  chill  which 
is  instantaneously  communicated  to  the  glass  by  a 
fall  of  rain  and  snow,  and  the  consequent  evapora- 
tion from  its  surface,  must  also  precipitate  the 
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internal  vapour^  and  dry  the  included  air  to  a very 
considerable  amount,  and  the  effect  should  be 
closely  watched.  I do  not  conceive  that  the  dimi- 
nution of  light  which  would  be  occasioned  by  the 
double  panes^  would  be  sufficient  to  occasion  any 
serious  objection  to  the  plan.  The  difference  would 
not  probably  amount  to  as  much  as  that  between 
hot-houses  with  wooden  rafters  and  lights^  and 
those  constructed  with  curvilinear  iron  bars,  two  of 
which  have  been  erected  in  the  garden  of  the  Horti- 
cultural Society.  It  might  also  possibly  occasion 
a greater  expansion  of  the  foliage  ; for  it  is  known 
that  in  houses  with  a northern  aspect,  the  leaves 
grow  to  a larger  size  than  in  houses  which  front  the 
south.  Nature  thus  makes  an  effort  to  counteract 
the  deficiency  of  light  by  increasing  the  surface 
upon  which  it  is  destined  to  act. 

The  present  method  of  ventilating  hot-houses  is 
also  objectionable,  upon  the  same  principles  which 
I have  been  endeavouring  to  explain.  A commu- 
nication is  at  once  opened  with  the  external  air, 
while  the  hot  and  vaporous  atmosphere  is  allowed 
to  escape  at  the  roof ; the  consequence  is,  that  the 
dry  external  air  rushes  in  with  considerable  velo- 
city^ and  becoming  heated  in  its  course,  rapidly 
abstracts  the  moisture  from  the  pots  and  foliage. 
This  is  the  more  dangerous,  in  as  much  as  it  acts 
with  a rapidity  proportioned  in  a very  high  degree 
to  its  motion.  I would  suggest^  as  a matter  of 
easy  experiment,  whether  great  benefit  might  not 
arise  from  warming  the  air  to  a certain  extent,  and 
making  it  traverse  a wet  surface  before  it  is  allowed 
to  enter  the  house. 
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There  is  one  practice  universally  adopted  by 
gardeners,  which  is  confirmatory  of  these  theoretical 
speculations,  namely,  that  of  planting  tender  cut- 
tings of  plants  in  a hot-bed,  and  covering  them  with 
a double  glass.  Experience  has  shown  them  that 
many  kinds  will  not  succeed  under  any  other  treat- 
ment. The  end  of  this  is  obviously  to  preserve  a 
saturated  atmosphere;  and  it  affords  a parallel  - 
case  to  that  of  Dr.  Wells  of  the  anticipation  of 
theory  by  practice. 

The  effect  of  keeping  the  floor  of  the  hot- house 
continually  wet  has  been  already  tried  at  the 
Society’s  garden^  at  my  suggestion,  and  it  has  been 
found  that  the  plants  have  grown  with  unprece- 
dented vigour : indeed  their  luxuriance  must  strike 
the  most  superficial  observer. 

To  the  human  feelings  the  impression  of  an 
atmosphere  so  saturated  with  moisture  is  very 
different  from  one  heated  to  the  same  degree  with- 
out this  precaution  ; and  any  one  coming  out  of  a 
house  heated  in  the  common  way,  into  one  well 
charged  with  vapour,  cannot  fail  to  be  struck  with 
the  difference.  Those  who  are  used  to  hot  climates 
have  declared  that  the  feel  and  smell  of  the  latter 
exactly  assimilate  to  those  of  the  tropical  regions. 

But  there  is  a danger  attending  the  very  success 
of  this  experiment,  which  cannot  be  too  carefully 
guarded  against.  The  trial  has  been  made  in  the 
summer  months,  when  the  temperature  of  the 
external  air  has  not  been  low^  nor  the  change  from 
day  to  night  very  great.  In  proportion  to  the 
luxuriance  of  the  vegetation,  will  be  the  danger  of 
any  sudden  check ; and  it  is  much  to  be  feared, 
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that,  unless  proper  precautions  are  adopted,  the 
cold,  long  nights  of  winter  may  produce  irreparable 
mischief. 

I am  aware  that  a great  objection  attaches  to  my 
plan  of  the  double  glass,  on  account  of  the  expense ; 
but  I think  that  this  may  appear  greater  at  first 
sight  than  it  may  afterwards  be  found  to  be  in 
practice.  It  is  however,  at  all  events,  I submit,  a 
point  worthy  of  the  Horticultural  Society  to  deter- 
mine ; and  if  the  suggestion  should  be  found  to  be 
effective,  the  lights  of  many  frames,  which  are  not 
commonly  in  use  in  winter,  might_,  without  much 
trouble,  be  fitted  to  slide  over  the  hot-houses  during 
the  severe  season ; and  in  the  spring,  when  they 
are  wanted  for  other  purposes,  their  places  might 
be  supplied  at  night  by  mats  or  canvass. 

The  principles  which  I have  been  endeavouring 
to  illustrate  should  be  doubtless  extended  to  the 
pinery  and  the  melon-frame,  in  the  latter  of  which 
a saturated  atmosphere  might  be  maintained  by 
shallow  pans  of  water.  An  increase  in  the  size  of 
the  fruit  might  be  anticipated  from  this  treatment, 
without  that  loss  of  flavour  which  would  attend  the 
communication  of  water  to  the  roots  of  the  plants. 

I have  but  few  additional  observations  to  offer 
upon  the  artificial  climate  of  a green-house.  The 
remarks  which  have  been  made  upon  the  atmos- 
phere of  the  hot-house  are  applicable  to  it,  though 
not  to  the  same  extent.  The  plants  which  are 
subject  to  this  culture  seldom  require  an  artificial 
temperature  greater  than  45°  or  50°,  and  few  of 
them  would  receive  injury  from  a temperature  so 
low  as  35°.  When  in  the  house  they  are  effectually  \ 
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sheltered  from  the  effects  of  direct  radiation,  which 
. cannot  take  place  through  glass : but  the  glass 
itself  radiates  very  freely,  and  thus  communicates 
a chill  to  the  air,  which  might  effectually  be  pre- 
vented by  rolling  mats.  With  this  precaution,  fire 
would  be  but  rarely  wanted  in  a good  situation,  to 
communicate  warmth.  But  in  this  damp  climate  it 
may  be  required  to  dissipate  moisture.  The  state 
of  the  air  should  be  as  carefully  watched  with  this 
view,  as  where  a high  temperature  is  necessary,  to 
guard  against  the  contrary  extreme.  Free  transpi- 
ration,  as  I have  before  remarked,  is  necessary  to 
the  healthy  progress  of  vegetation,  and  when  any 
mouldiness  or  damp  appears  upon  the  plants,  the 
temperature  of  the  air  should  be  moderately  raised, 
and  free  ventilation  allowed.  When  the  pots  in  the 
proper  season  are  moved  into  the  open  air,  it  would 
contribute  greatly  to  their  health  and  preserve  them 
from  the  effects  of  too  great  evaporation,  to  imbed 
them  well  in  moss  or  litter : as  a substitute  for  this 
precaution,  the  plants  are  generally  exposed  to  a 
northern  or  eastern  aspect,  where  the  influence  of 
the  sun  but  rarely  reaches  them,  but  which  would 
be  very  beneficial  if  their  roots  were  properly  pro- 
tected. The  advantage  of  such  a protection  may 
be  seen  when  the  pots  are  plunged  into  the  soil,  a 
method  which  communicates  the  greatest  luxuri- 
ance to  the  plants,  but  unfits  them  to  resume  their 
winter  stations. 

When  a green-house  is  made  use  of,  as  it  often 
is,  after  the  removal  of  the  pots,  to  force  the  vine, 
the  same  precautions  should  be  attended  to  as  in 
the  management  of  the  hot-house,  and  the  elasticity 
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of  the  vapour  should  be  maintained  by  wetting  the 
floor ; but  after  a certain  period  a great  degree  of 
dryness  should  be  allowed  to  prevail,  to  enable  the 
tree  to  ripen  its  wood,  and  form  the  winter  protec- 
tion for  its  buds.  In  this  its  treatment  differs  from 
that  of  the  tropical  plants,  which  require  no  such 
change,  and  to  which,  on  the  contrary,  it  would  be 
highly  detrimental.  The  same  observation  applies 
to  forcing-houses  for  peaches,  and  other  similar 
kinds  of  trees.  As  soon  as  the  fruit  is  all  matured 
they  should  be  freely  exposed  to  the  changes  of  the 
weather. 

Upon  an  attentive  consideration  and  review  of 
the  subject,  it  appears  to  me  certain  that  a frequent 
consultation  of  the  indications  of  the  hygrometer  is 
quite  as  necessary  to  the  Horticulturist  as  of  those 
of  the  thermometer  ; and  it  is  not  unworthy  of  the 
consideration  of  the  Horticultural  Society  whether 
correct  registers  of  the  state  of  the  climate,  both  in 
their  houses  and  out  of  doors,  and  a connected 
series  of  experiments  upon  the  modifications  of 
which  it  is  susceptible,  might  not  contribute  some- 
thing to  the  perfection  of  that  art,  which  they  are 
making  such  honourable  exertions  to  perfect  and 
communicate. 

To  me  it  will  be  a source  of  great  satisfaction  if 
any  observations  which  I have  made,  or  may  make, 
upon  the  subject  of  climate,  should  prove  at  all 
instrumental  in  forwarding  their  important  views. 
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ON  THE 

OSCILLATIONS  OF  THE  BAROMETER. 


Amongst  the  phenomena  for  which  I have  en- 
deavoured to  account  in  my  first  essay^  I slightly 
alluded  to  the  coincidence  which  was  known  often 
to  occur  in  the  movements  of  barometers  situated  at 
great  distances  from  each  other ; and  mentioning 
the  observation  that  this  unison  of  action  extends 
further  in  the  direction  of  the  latitude  than  in  that  of 
the  longitude,  I remarked  that  the  fact  confirmed 
the  theory : for,  as  the  grand  currents  of  the  atmos- 
phere flow  nearly  in  the  direction  of  the  meridians, 
any  irregularity  in  their  courses  would  most  readily 
be  propagated  in  the  same  line.  Further  conside- 
ration convinced  me  that  this  argument  should  have 
been  greatly  extended  ; and  I perceived  that  a strict 
adherence  to  the  legitimate  conclusions  of  the  hypo- 
thesis would  establish,  not  only  a partial  and  fte-^ 
quent  coincidence  of  the  aerial  undulations  in 
different  latitudes,  but  a wide-extending  and  con- 
stant agreement.  The  want  of  combination  in  the 
meteorological  observers  of  the  present  day  made 
me  despair  of  being  able  to  bring  the  idea  to  the 
test  of  sufficient  experiments,  till  accident  threw  in 
my  way  a register  of  inestimable  value. 

My  friend  Mr.  Howard  some  time  ago  put  into 
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my  hands,  and  obliged  me  with  the  loan  of,  some  of 
the  volumes  of  the  Ephemerides  of  the  Meteorologi- 
cal Society  of  the  Palatinate  : a work  which,  if  it  had 
been  continued  with  its  original  spirit  to  the  present 
time,  would  probably  have  left  little  to  be  desired  in 
the  way  of  observation  ; and  which,  even  in  its  pre- 
sent state,  would  be  found  by  the  diligent  inquirer  to 
contain  more  data  for  a correct  history  of  European 
weather  than  all  other  works  upon  the  same  subject 
taken  together.  During  a tour  which  I made  in 
Germany,  I succeeded  in  obtaining  a complete  copy 
of  these  transactions,  from  their  commencement  in 
1781,  to  their  termination  in  1792.  As  this  record 
is  very  little  known  in  this  country,  and  in  its 
complete  state  very  scarce,  I shall  be  excused  for 
giving  a short  account  of  its  origin,  and  that  of  a 
society  which  might,  undoubtedly,  afford  the  most 
perfect  model  of  a similar  institution  at  the  present 
day  for  promoting  the  Science  of  Meteorology.  I 
shall  hereafter,  probably,  if  time  should  allow  me  to 
complete  the  task  which  I have  commenced,  draw 
up  a memoir  upon  the  climate  of  Europe  founded 
upon  these  careful  documents.  The  labour  will 
not  be  trifling,  but  cannot  be  thrown  away  in  a case 
where  such  full  reliance  can  be  placed  upon  the 
experimental  basis  of  the  inductions. 

The  Meteorological  Society  of  the  Palatinate  was 
established  in  the  year  1780,  under  the  auspices  of 
the  Elector  Charles  Theodore,  who  not  only  gave 
it  the  support  of  his  public  patronage,  but  entered 
with  spirit  and  ability  into  its  pursuits,  and  fur- 
nished it  with  the  means  of  defraying  the  expense 
of  instruments  of  the  best  construction,  which  were 
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gratuitously  distributed  to  all  parts  of  Europe,  and 
even  to  America«  One  of  the  first  acts  of  the 
Association  was,  to  write  to  all  the  principal  uni-”^ 
versities,  scientific  academies,  and  colleges,  soli- 
citing their  co-operation,  and  offering  to  present 
them  with  all  the  necessary  instruments  properly 
verified  by  standards,  and  free  of  expense.  The 
offer  was  immediately  accepted  by  thirty  societies  ; 
and  the  list  of  distinguished  men  who  undertook  to 
make  the  observations  shows  the  importance  which 
was  attached  to  the  plan,  and  the  zeal  with  which 
it  was  promoted  in  every  part  of  the  Continent. 
Amongst  those  who,  for  the  good  of  science,  under- 
took and  executed  this  daily  drudgery,  we  find  the 
names  of  Hemmer,  Weis,  Planer,  Senebier,  Bugge, 
Van  Swinden,  Kdnig,  Cotte,  Egel,  Pictet,  Toaldo, 
and  Euler.  The  Secretary  Hemmer  appears  to 
have  been  indefatigable  in  his  exertions  to  perfect 
this  truly  princely  plan  of  operations ; and,  even 
now,  but  little  could  be  added  to  the  precautions 
taken  in  the  preparation  of  the  instruments 'which 
he  describes,  or  to  the  ample  instructions  for  their 
use,  which  he  transmitted  with  them.  Some  idea 
may  be  formed  of  the  comprehensive  scale  of  the 
register,  when  it  is  known  that  it  contains  observa- 
tions, three  times  in  the  day,  of  the  barometer, 
thermometer  in  the  shade  and  in  the  sun,  hygro- 
meter, magnetic-needle,  direction  and  force  of  the 
wind,  quantity  of  rain  and  of  evaporation,  the 
height  of  any  neighbouring  water,  the  changes  of 
the  moon,  the  appearance  of  the  sky,  and  the  occur- 
rence of  meteors  and  of  the  Aurora  Borealis,  To 
these  must  be  added,  in  some  places,  observations 
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upon  the  electrical  state  of  the  atmosphere,  upon 
the  progress  of  vegetation,  the  prevalence  of  disease, 
changes  of  population,  and  migration  of  animals. 
The  field  of  observation  extended  from  the  Ural 
Mountains  in  the  east,  to  Cambridge  in  the  United 
States  in  the  west ; and  from  Greenland  and 
Norway  in  the  north,  to  Eome  in  the  south.  This 
range  included  also  stations  upon  three  high  moun- 
tains in  Bavaria,  and  upon  the  summit  of  St. 
Gothard.  The  observations  of  each  year  are 
summed  up,  and  compared  with  those  which  pre- 
cede, in  copious  and  most  laborious  tables  of  mean 
and  extreme  results  ; and  many  very  interesting 
essays  upon  various  branches  of  Meteorology  are 
interspersed  throughout  the  volumes.  Unfortu- 
nately for  science,  the  Secretary  Hemmer  died  in 
the  month  of  May,  1790,  and  from  that  time  the 
Society  appears  to  have  languished,  and  finally  to 
have  become  extinct  amidst  the  troubles  and  the 
wars  of  the  French  Revolution.  Would  that  another 
Hemmer  could  be  found  in  this  age  to  direct  the 
uncombined  efibrts  of  meteorologists  to  one  common 
purpose ! And  would  that  the  scientific  men  of  the 
present  day,  laying  aside  all  petty  and  degrading 
jealousies,  might  see  the  advantage  of  uniting  in  a 
system  such  labours  as  lose  the  greatest  part  of 
their  value  from  wanting  unity  of  purpose ! 

Amongst  other  valuable  suggestions,  in  these 
volumes,  upon  the  proper  uses  of  meteorological 
observations,  I have  found  the  first  exemplification 
of  the  method  of  representing  the  oscillations  of  the 
barometer  by  a curved  line  upon  a scale — a method 
which  I think  will  appear,  from  the  subsequent 
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part  of  this  essay,  to  be  of  the  utmost  consequence 
in  connecting  detached  observations,  and  exhibiting 
their  mutual  relations.  The  instances  of  this  appli- 
cation in  the  volumes  before  me  are  very  few,  and 
for  very  short  intervals  ; but  it  has  been  employed, 
upon  a small  scale,  to  show  the  accordance  of  great 
changes  of  the  mercurial  column  at  distant  points. 
It  is  by  an  extension  of  this  plan  that  I shall  now 
proceed  to  show,  that,  within  certain  limits,  the 
movements  of  the  barometer  coincide  by  some 
general  law  over  large  portions  of  the  surface  of  the 
globe.  I shall  endeavour  to  trace,  as  far  as  the 
observations  will  allow,  the  limits  of  this  coinci- 
dence, the  particular  direction  in  which  it  occurs, 
and  the  circumstances,  if  any,  which  modify  its 
regularity.  I shall  speak  of  the  facts  first ; and  I 
shall  afterwards  endeavour  to  apply  them  in  illus- 
tration of  that  theory  by  which,  in  reality,  I was 
guided  to  their  discovery.  By  this  method  of  pro- 
ceeding, whatever  success  I may  be  thought  to 
obtain  in  establishing  the  latter,  I shall  at  least  have 
the  satisfaction  of  fixing  data^  upon  which  others 
may  found  their  own  reasoning,  but  which  must 
hereafter  claim  an  explanation  in  every  theory  of 
the  phenomena  of  the  atmosphere. 

Plates  III.  and  IV.  represent  the  oscillations  of  the 
barometer  at  eighteen  stations  on  the  continent  of 
Europe  for  one  twelvemonth ; they  comprehend  a 
space  of  nearly  18°  of  latitude,  and  14°  of  longitude. 
The  observations  are  laid  down  twice  in  the  day, 
vk.,  at  7 A.  M.,  and  9 p.  m.,  upon  a scale  of 
English  inches,  which,  however,  has  been  reduced 
in  the  engraving;  each  perpendicular  division 

2 R 


546 


ON  THE  OSCILLATIONS 


representing  a tenth  of  an  inch,  and  each  horizontal 
division  comprehending  a day.  The  curves  have 
been  arranged  in  order  from  north  to  south,  com- 
mencing with  Spidberg,  in  Norway,  and  ending 
with  Rome  and  Padua.  In  selecting  the  stations, 
I have  endeavoured  to  confine  one  set,  as  much  as 
possible,  to  the  same  meridian ; while  I have  chosen 
a second  nearly  approaching  one  another  in  lati- 
tude, but  differing  widely  in  longitude. 

' Spidberg,  the  first  station,  is  a small  parish  in 
Norway,  situated  between  Christiana  and  Frede- 
rickshall,  within  a short  distance  of  the  North  Sea 
on  its  western  side,  and  of  the  Baltic  on  its  eastern. 
The  longitude  of  the  place  of  observation,  which 
was  the  church  and  residence  of  the  minister,  is 
represented  in  the  Transactions  as  9°  4'  E. ; but 
there  must  be  some  mistake  in  this,  as  from  the 
locality  it  cannot  be  less  than  10°  50'  E.  The  lati- 
tude is  59°  30'  N.,  and  the  altitude  above  the  level 
of  the  sea  about  426  feet. 

Stockholm,  the  second  station,  is  situated  in 
about  the  same  degree  of  latitude,  but  nearly  8° 
apart  in  the  longitude.  The  place  of  observation 
was  the  Observatory  close  to  the  shore  of  the 
Baltic,  above  the  surface  of  which  it  stands  about 
136  feet. 

Copenhagen,  the  third  station,  is  built  upon  the 
southern  coast  of  the  Categate,  or  entrance  of  the 
Baltic.  The  Royal  Observatory,  at  which  the 
register  was  kept,  stands  about  136  feet  above  the 
mean  level  of  the  sea;  its  latitude  is  55‘"4PN., 
and  its  longitude  12°  40'  E.  It  is  distant  about  300 
miles  to  the  south-west  of  the  preceding  station. 
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Gottingen,  the  next  in  succession,  is  situated 
almost  exactly  upon  the  meridian  from  which  we  set 
out ; its  longitude  being  9°  53'  E.,  and  its  latitude 
51°  52'.  It  is  about  290  miles  distant  from  the 
North  Sea,  above  the  level  of  which  it  stands  about 
450  feet.  The  river  Leine  flows  near  it,  and  it  is 
surrounded  by  moderate  hills.  The  Hartz  Moun- 
tains rise  in  the  N.  E.,  at  a distance  of  not  more 
than  15  miles. 

Sagan,  the  fifth  station,  has  been  selected  as 
corresponding  with  the  preceding  in  latitude, 

51°  42'  N.,  but  being  far  removed  in  longitude,  viz, 
15°  27'  E.  It  is  situated  upon  the  Bober,  and  sur- 
rounded on  all  sides  by  extensive  plains.  The 
place  of  observation  was  raised  about  60  feet  above 
the  level  of  the  river. 

Erfurt,  the  sixth  station,  again  approaches  the 
first  meridian,  but  advances  us  to  the  south.  Its 
longitude  is  11°  23'  E.,  and  its  latitude  51°  N.  The 
surrounding  country  is  open. 

Brussels,  the  seventh  station,  is  the  most  western 
point  of  our  present  comparison,  and  particularly 
remarkable,  as  we  shall  hereafter  have  occasion  to 
observe,  on  account  of  its  being  the  nearest  to  the 
Western  Sea.  It  is  situated  in  a very  open  country, 
upon  the  banks  of  the  small  river  Senne.  The 
latitude  is  50°  51'  N.,  the  longitude  4°  28'  E.  The 
barometer  was  placed  about  175  feet  above  the 
level  of  the  river. 

Prague,  the  eighth  station,  carries  us  again  more 
than  10°  to  the  east ; its  longitude  being  14°  50'  E., 
and  its  latitude  50°  5'  N.  It  is  situated  in  a hilly 
country  upon  the  banks  of  the  Moldaw. 
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Mannheim,  the  ninth  station,  was  the  head  quar- 
ters of  the  Meteorological  Society ; and  here  the 
observations,  under  the  immediate  superintendence 
of  the  Secretary  Hemmer,  were  more  varied  and 
more  complete  than  in  any  other  place:  on  this 
account,  as  well  as  on  that  of  its  central  situation,  it 
furnishes  the  best  standard  of  comparison  for  all 
the  other  observatories.  All  the  particulars  of  its 
situation  are  most  accurately  described  in  the  Trans- 
actions. It  is  placed  in  a vast  plain,  and  nearly 
surrounded  by  the  waters  of  the  Necker  and  the 
Rhine.  Its  latitude  is  49°  26'  N.,  and  its  longitude 
8°  31'  E. ; not  very  far  removed  from  the  meridian 
from  which  we  set  out.  The  barometer  was  placed 
about  51  feet  above  the  mean  level  of  the  Rhine. 

Ratisbon,  the  tenth  station,  is  placed  upon  the 
Danube,  in  latitude  48°  56'  N.,  and  longitude  12^  5'. 

Munich,  the  eleventh  station,  is  situated  about 
62  miles  to  the  south  of  the  preceding.  It  is  seated 
in  a plain  on  the  river  Iser,  in  latitude  48°  10'  N., 
and  longitude  11°  36'  E.  The  barometer  was 
placed  about  48  feet  above  the  ground. 

Peissenberg,  or  Hohenpeissenberg,  the  twelfth 
station,  is  a mountain  of  Upper  Bavaria,  distant  not 
more  than  3 or  4 miles  from  the  mountains  of  the 
Tyrol.  The  place  of  observation  was  its  very  sum- 
mit, about  1300  feet  above  the  level  of  the  River 
Amber,  and  1100  above  the  Leike.  Its  latitude 
is  47°  47'  E.,  and  its  longitude  10°  59'  E.  It  is  re- 
marked in  the  Transactions,  as  a place  peculiarly 
adapted  by  nature  for  meteorological  observations. 
Its  horizon  extends  on  all  sides,  but  the  south,  to  a 
distance  of  above  12  miles;  but  in  the  south  the 


OP  THE  BAROMETER. 


549 


Tyrolese  Mountains  overtop  it  considerably.  It  is 
surrounded  by  marshy  land ; and  there  are  no  less 
than  three  considerable  lakes  within  two  miles  of  it, 
and  several  rivers.  The  northern  side  of  the  moun- 
tain is  covered  with  wood,  and  there  are  large  fo* 
rests  in  its  vicinity.  The  barometer  was  placed 
about  30  feet  above  the  ground. 

Buda,  the  thirteenth  station,  is  the  most  eastern 
point  of  the  present  comparison.  Its  longitude 
being  18°  22'  E.,  and  its  latitude  47°  29'  N.  It  is 
situated  upon  the  side  of  a hill  upon  the  banks  of 
the  Danube,  and  surrounded  on  all  sides  by  hills. 
The  barometer  was  placed  in  the  Royal  Observa- 
tory, about  290  feet  above  the  mean  height  of  the 
river. 

Geneva,  the  fourteenth  station^  is  situated  upon 
the  extensive  lake  to  which  it  gives  its  name,  in 
latitude  46°  12'^  and  longitude  6"  5'.  The  Rhone 
takes  its  course  through  the  city,  and  it  is  sur- 
rounded on  all  sides  by  lofty  mountains.  The 
level  of  the  lake  is  about  1350  feet  above  that  of 
the  sea. 

St.  Gothard,  the  fifteenth  station,  was  the  Hos- 
pice of  the  Capuchin  Monks^  almost  upon  the  sum- 
mit of  the  mountain.  It  is  situated  6800  feet  above 
the  level  of  the  Mediterranean  Sea.  It  is  surrounded 
on  all  sides  by  lofty  rocks,  some  of  which  rise  to 
the  height  of  2000  feet  above  it.  The  situation  is 
most  open  to  the  north  and  the  south,  but  it  is 
closely  hemmed  in  on  every  other  quarter.  There 
is  a small  lake  close  by  the  dwelling  ; it  is  consi- 
derably raised  above  the  forests  in  its  neighbour- 
hood. 
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Marseilles  is  the  sixteenth  station^  and  stands 
upon  the  shores  of  the  Mediterranean  Sea.  Its 
latitude  is  43°  18'  N.,  and  its  longitude  5°  27'. 
The  ground  upon  which  it  stands  is  uneven,  and  it 
is  surrounded  on  the  land  side  by  mountains,  some 
of  which  are  not  less  than  2500  feet  high.  The 
observatory  is  built  upon  one  of  the  highest  points 
of  the  town,  and  the  height  of  the  barometer  above 
the  sea  was  153  feet. 

Rome,  the  seventeenth  station,  is  the  most  south- 
ern point  to  which  the  observations  extend.  It  is 
not  very  far  removed  from  the  Norwegian  meridian 
from  which  we  set  out,  and  agrees  almost  exactly 
with  that  of  Copenhagen,  thus  extending  the  com- 
parison to  upward?  of  1200  miles  in  a straight  line 
from  north  to  south.  The  exact  latitude  is  41°  54' 
N.,  and  the  longitude  12°  55'  E.  The  city  is  situated 
upon  the  river  Tiber,  which  runs  through  a part  of 
it,  and  at  no  great  distance  from  the  Mediterranean 
on  the  south,  and  the  Adriatic  on  the  north.  The 
barometer  was  fixed  at  a height  of  about  90  feet 
above  the  level  of  the  sea. 

Padua,  the  last  station  of  this  comparison,  is  a 
few  degrees  more  to  the  north,  being  in  latitude 
45°  23'  N.,  and  longitude  12°  1'  E.  It  is  seated  at 
the  top  of  the  Adriatic,  in  a fine  plain,  at  the  con- 
fluence of  the  rivers  Brenta  and  Bachiglione.  The 
surrounding  country  is  distinguished  by  its  beauty 
and  fertility.  The  barometer  stood  about  60  feet 
above  the  level  of  the  sea. 

I regret  very  much  the  not  being  able  to  include 
London  amongst  the  stations  of  this  interesting 
survey.  The  Royal  Society,  as  might  be  supposed 
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was  one  of  the  first  scientific  bodies  to  which  the 
Meteorological  Society  of  the  Palatinate  addressed 
themselves  for  co-operation  in  the  great  and  truly 
scientific  work  which  they  had  undertaken  ; and  it 
is  very  remarkable,  and,  to  an  Englishman,  very 
mortifying,  to  remark,  that  the  answer  of  the  Royal 
Society  to  the  invitation  is  the  only  one.  amongst  a 
vast  number  which  does  not  appear  in  the  Transact 
tions.  By  some  unfortunate  coincidence,  the  years 
which  are  included  in  the  Ephemerides  are  pre- 
cisely those  during  which  no  Meteorological  Regis- 
ter was  published  in  the  Philosophical  Transactions: 
so  that  the  comparison  fails  at  a point  which,  for 
many  reasons,  is  one  of  the  utmost  interest  and 
importance ; but  particularly  on  account  of  the  si- 
tuation of  London  being  on  the  extreme  west  of 
Europe,  and  of  its  being  surrounded  by  the  waters 
of  the  Atlantic  Ocean. 

The  names  of  the  stations  are  inserted  on  one 
side  of  the  plates,  and  their  longitudes  and  latitudes 
on  the  other:  in  conjunction  with  the  former,  I have 
placed  the  mean  heights  of  the  barometer  for  the 
year,  by  which  a judgment  may  at  once  be  formed 
of  their  relative  elevations  above  the  level  of  the 
sea. 

I may  here  remark  that  I have  laid  down  several 
more  curves,  at  intermediate  places,  which  are  not 
included  in  the  plates,  for  fear  of  rendering  them 
confused.  In  selecting  the  present  series,  I have, 
been  guided  in  my  choice  by  such  circumstances  as 
might  be  supposed  to  produce  the  greatest  difference 
between  them.  Those  which  I have  omitted  all 
concur  in  the  general  result. 
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The  principal  fact  disclosed  by  the  comparison 
of  observations  at  all  these  various  points  must  at 
once  strike  the  eye  of  the  most  careless  observer — 
namely,  the  near  coincidence  of  all  the  curves. 
From  the  shores  of  the  Baltic  to  those  of  the  Medi- 
terranean ; from  the  level  of  the  sea  to  the  height 
of  nearly  7000  feet  above  it;  in  every  variety  of 
country,  from  the  Alps  to  the  sandy  plains  of  Ger- 
many ; in  every  season,  in  every  change  of  weather, 
the  continual  movements  of  the  barometer  corre- 
spond in  a most  wonderful  manner.  The  general 
law  which  governs  these  effects,  within  these  limits, 
is  constant  in  its  operation,  although  subject  to 
modifications  which  it  will  be  highly  instructive  to 
trace  and  appreciate. 

In  the  first  place,  the  oscillations  of  the  mercu- 
rial column  decrease  in  proceeding  from  north  to 
south;  and  in  this  way  some  of  the  minor  move- 
ments are  obliterated  before  they  reach  the  extreme 
southern  point.  Hence,  partly,  it  is  that  the  three 
Mediterranean  curves  are  not  only  flatter  than  the 
three  Baltic,  but  less  serrated  and  uneven.  If  the 
extreme  northern  and  southern  lines  were  placed  in 
juxta-position,  the  resemblance  would  be  but  faint 
and  imperfect ; but  they  pass  so  gradually  into  one 
another,  through  the  whole  series,  that  their  con- 
nexion is  very  manifest.  These  observations  apply 
most  accurately  to  those  places  which  are  nearest 
situated  to  the  same  meridian. 

Secondly.  There  are  other  modifications  which 
depend  upon  the  relative  distances  of  the  places  in 
longitude.  By  comparing  together  the  most  east- 
ern and  most  western  curves  which  nearly  agree  in 
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latitude,  it  may  be  remarked,  that  their  several 
points  would  better  correspond,  if  the  former,  that 
is,  the  eastern,  were  moved  to  the  left  hand  about 
the  space  of  a day  or  a half.  This  is  more  striking 
upon  the  larger  scale,  upon  which  they  were  ori- 
ginally laid  down,  but  still  may  be  satisfactorily 
established  by  an  attentive  examination  of  the 
plates.  It  is  particularly  obvious  in  the  curves  of 
Gottingen  and  Sagan,  and  in  those  of  Marseilles 
and  Rome.  It  is  not  dependent  upon  the  difference 
of  time,  which  is  consequent  upon  the  difference  of 
longitude,  for  it  is  in  the  opposite  direction ; and, 
by  taking  the  latter  into  consideration,  the  amount 
of  the  deviation  is  increased. 

Thirdly.  Besides  this  regular  difference,  there 
are  occasional  greater  discrepancies  as  we  change 
the  longitude,  traces  of  which  are  generally  pre- 
served throughout  the  meridian  upon  which  they 
occur.  For  example,  about  the  4th  of  January,  at 
Sagan,  a very  remarkable  elevation  of  the  line 
occurs,  which  differs  very  much  from  those  at  the 
same  period  at  Gottingen  and  Erfurt,  but  which  cor- 
responds exactly  with  the  curves  of  Prague  and 
Buda.  Again,  about  the  18th  of  March,  a much 
bolder  depression  of  the  line  takes  place  at  Stock- 
holm than  at  the  same  time  at  Spidberg  and  Copen- 
hagen ; and  the  same  excess  of  effect  may  be 
traced  down  the  more  eastern  meridians  at  Sagan, 
Prague,  and  Buda,  by  comparing  them  with  their 
western  neighbours.  This  difference,  dependent 
upon  longitude,  will,  however,  be  more  distinctly 
marked,  when  we  come  to  the  explanation  of  the 
next  plate. 
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Fourthly.  The  effect  of  the  difference  of  the 
meridians  becomes  greater  as  we  approach  the 
Western  Sea.  It  will  at  once  be  evident  that  the 
Brussels  curve  agrees  the  least  with  any  of  the 
others.  Although  it  accords  in  the  general  outline^ 
almost  all  the  remarkable  elevations  and  depres- 
sions are  strongly  modified.  The  Marseilles  curve, 
on  the  contrary,  which  is  only  one  degree  more  to 
the  east,  agrees  very  closely  with  that  of  Rome. 
It  will  be  remarked  that  the  whole  width  of  France 
interposes  between  this  station  and  the  Atlantic, 
while  the  former  is  at  a comparatively  small  dis- 
tance from  the  North  Sea. 

Fifthly,  There  is  another  modification  which  is 
dependent  upon  height.  The  mountain  curve  of 
St.  Gothard  is  manifestly  flatter,  and  its  inequali- 
ties more  rounded,  than  that  of  Geneva  ; and  it  is 
also  worthy  of  remark  how  the  relative  distance  of 
the  two  decreases  as  the  temperature  of  the  months 
increases,  and  augments  with  their  decrease.  In 
the  summer  the  space  between  them  is  not  half  as 
great  as  in  the  winter.  This  is  obviously  caused 
by  the  expansion  of  the  atmospheric  columns  in 
the  former  season ; the  difference  of  course  mani- 
festing itself  in  the  increased  weight  of  the  upper 
section. 

Sixthly.  The  abrupt  and  angular  changes  of 
the  winter  portion  of  the  curves  is  strongly  con- 
trasted with  the  more  gentle  and  rounded  undula- 
tions of  the  summer  months,  and  even  the  stormy 
portions  of  each  with  those  of  the  more  settled  wea- 
ther. These  changes  extend  through  the  whole 
series;  but  it  cannot  but  be  remarked  that  the 
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southern  members  of  the  group  generally  partake 
more  of  the  latter,  and  the  northern  of  the  former, 
character. 

Seventhly.  It  may  be  observed  how  very  gene- 
rally the  corresponding  angles  of  ascent  and  descent 
agree.  There  are  certainly  many  exceptions  to  the 
rule,  but  it  is  almost  universally  true,  that  when  the 
barometer  falls  very  abruptly,  it  rises  to  the  same 
amount  as  suddenly,  and  vice  versa.  This  evidently 
points  to  the  equality  of  action  and  reaction,  and 
the  cause  of  the  exceptions  themselves  would  form 
an  interesting  object  of  research. 

Amongst  the  instructive  relations  of  these  com- 
parisons, will  be  found  the  theory  and  practice  of 
the  mensuration  of  heights  by  the  barometer.  I 
shall  not  now  attempt  to  trace  out  this  connexion  in 
detail,  but  shall  probably  recur  to  it  again  upon 
some  future  occasion. 

Before  I turn  from  the  consideration  of  the  third 
and  fourth  plates,  I must  remark,  that  the  observa- 
tions, which  were  all  registered  in  French  inches, 
&c.,  have  been  laid  down  with  the  greatest  fidelity, 
except  in  one  or  two  instances,  where  the  general 
accordance  of  the  curves  manifestly  pointed  out  an 
error  of  a whole  inch.  Thus,  for  example,  on  the 
5th  of  January,  in  the  Spidberg  curve,  I have 
shown,  by  a dotted  line,  the  course  of  such  a mis- 
take, which  would  have  caused  a wide  departure 
from  the  character  of  the  contemporaneous  move- 
ments at  other  stations.  I have  corrected  two 
other  similar  misprints ; and  there  are  a few  other 
analogous  discrepancies  in  different  parts  of  the 
synoptic  views,  which  may  probably  be  referrible 
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to  errors  of  the  same  description^  but  with  which  I 
have  not  ventured  to  interfere.  Such,  I am  almost 
tempted  to  believe,  is  the  sudden  rise  in  the  Stock- 
holm line  on  the  3 1st  January,  and  the  anomalous 
fall  in  that  of  Spidberg  on  the  12th  February. 
One  of  the  uses  to  which,  in  future,  this  method  of 
laying  down  observations  may  be  applied,  is,  to 
check,  within  certain  limits,  the  accuracy  of  different 
observers.  This  is  the  test  to  which  I have  occa- 
sionally brought  the  late  observations  of  the  Royal 
^ Society;  and  I have  in  this  way  discovered,  on 
several  occasions,  much  wider  differences  between 
them  and  the  observations  of  Mr.  Howard  at  Totten- 
ham, than  between  any  two,  even  of  the  most  re- 
mote stations  in  Europe,  which  we  have  just  been 
comparing. 

The  next  most  interesting  objects  of  inquiry  are 
the  limits  of  this  correspondence,  and  the  com- 
mencement of  the  reflux  which  must  necessarily 
accompany  these  extensive  undulations;  for  the 
laws  of  equilibrium  require  that  a fall  of  the  mer- 
curial column  throughout  the  greater  part  of  Europe, 
should  be  accompanied  by  a corresponding  rise  in 
other  regions.  Unfortunately  the  observations  of 
the  Ephemerides,  extended  as  they  were,  are  not 
sufficiently  comprehensive  to  fix  these  important 
points  with  all  the  precision  which  we  could  desire. 
In  Plate  V.,  however,  I have  collected  two  groups 
which  throw  considerable  light  upon  this  part  of  the 
subject ; and  I shall  now  proceed  to  describe  the 
stations  from  which  they  have  been  selected. 

Pyschminsk,  the  nineteenth  station,  was  the  office 
of  the  mines  in  the  Ural  Mountains  of  Siberia, 
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situated  in  the  government  of  Perm.  Its  latitude 
is  57°  N.,  and  longitude  41°  4'  E.  It  is  the  most 
eastern  point  to  which  the  registers  of  the  Society 
extended.  Its  height  was  upwards  of  2000  feet 
above  the  level  of  the  sea. 

Petersburg,  the  twentieth  station,  is  situated  on 
the  river  Neva,  close  to  the  Gulf  of  Finland.  The 
ground  in  the  neighbourhood  is  flat  and  low,  and 
was  formerly  a vast  morass.  Its  latitude  is  59°  56' 
N.,  and  its  longitude  30°  25'  E. 

Moscow,  the  twenty-first  station,  is  placed  about 
460  miles  to  the  S.E.  of  the  last.  The  river 
Moskwa  runs  through  the  city,  and  in  the  open 
country  around  are  some  small  lakes,  which  give 
rise  to  the  Neglina.  Its  longitude  is  37°  31'  E., 
and  its  latitude  55°  45'  N. 

Mannheim  has  been  here  introduced  as  the  type 
of  the  western  portion  of  the  Continent,  in  which  we 
have  already  traced  the  movements  of  the  atmo- 
sphere. From  the  comparisons  aftbrded  by  this 
group  we  perceive, — 

First,  that  there  is  neither  agreement  nor  regular 
opposition  in  the  course  of  the  barometric  curves,  by 
extending  the  observations  in  the  direction  of  the 
longitude.  This  is  rendered  quite  obvious,  by 
comparing  together  the  lines  of  Pyschminsk,  Mos- 
cow, and  Mannheim,  which  are  at  nearly  equal 
distances  of  30°  apart.  I may  further  add  that,  in 
laying  down  the  curve  of  contemporaneous  observa- 
tions at  Cambridge,  in  the  United  States,  contained, 
in  the  Register,  in  longitude  70°  45'  W.,  and  lati- 
tude 42°  25'  N.,  the  same  want  of  correspondence 
is  observable. 
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Secondly,  that  the  accordance  is  still  main- 
tained upon  this  remote  meridian^  in  the  direction 
of  the  latitude,  as  appears  from  the  curves  of  Peters- 
burg and  Moscow,  which  agree  together  very 
eaxctly,  notwithstanding  they  are  not  situated  so 
nearly  north  and  south  as  might  be  wished  for  the 
comparison.  The  quiet  state  of  the  atmosphere  at 
Pyschminsk  in  the  summer  months  of  July  and 
August,  is  another  very  interesting  feature  of  its 
curve.  This  is  probably  the  most  inland  station  at 
which  a register  of  the  barometer  has  ever  been 
kept,  being  almost  exactly  in  the  centre  of  that 
immense  extent  of  land  which  constitutes  the  con- 
tinents of  Europe  and  Asia. 

Gothab,  the  twenty- second  station,  is  situated 
upon  the  west  coast  of  Greenland,  in  lat.  64°  10'  N., 
and  in  long.  5V  IS'  W.  It  is  the  most  northern 
point  of  the  Mannheim  Transactions.  It  stands  on 
the  shores  of  Davis’  Strait,  at  the  foot  of  some  very 
lofty  mountains,  which  rise  to  the  height  of  nearly 
7000  feet.  The  barometer  was  placed  about  15 
feet  above  the  level  of  high-water. 

Edsberg,  the  twenty-third  station,  is  a small  town 
in  Norway,  not  very  far  removed  from  the  station 
at  Spidberg,  to  which  the  observations,  for  some 
reason  which  is  not  explained,  appear  to  have  been 
transferred.  Its  lat.  is  about  59°  N.,  and  its  long. 
9°  E. 

Copenhagen  and  Mannheim  are  again  brought 
in,  to  connect  the  comparison  with  our  previous 
remarks.  I was  unable  to  confine  all  the  observa- 
tions, as  I should  have  preferred  doing,  to  the  same 
year,  because  there  was  no  one  year,  that  included 
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all  the  stations  that  were  necessary  to  my  purpose. 
This  series  of  curves  was  not  laid  down  like  all  the 
others,  from  two  observations  in  each  day,  but  from 
the  mean  of  three ; which  gives  them  rather  a rounder 
character,  but  does  not  materially  alter  their  confi- 
guration. In  this  second  group  of  the  third  plate, 
we  can  discover,  I think,  with  sufficient  distinctness, 
traces  of  that  regular  opposition  of  the  curves,  which 
could  not  but  be  anticipated  from  theory.  Gothab 
is  situated  considerably  to  the  north  of  all  the  other 
stations,  and  with  the  interposition  of  the  Atlantic 
Ocean.  It  is  unfortunately  more  removed  to  the 
westward  of  the  European  meridians  than  could 
have  been  wished ; but  nevertheless  the  opposition 
of  the  movements  of  the  barometer  at  the  end  of 
January,  the  whole  of  March,  and  parts  of  April 
and  May,  is  almost  perfect.  The  accordance  of 
the  three  European  curves  of  this  group  is  sufficient 
to  show  that  they  are  under  the  influence  of  the 
same  law  as  in  the  former  year,  which  we  have 
more  minutely  traced.  I have  been  unable  in  any 
way  to  follow  up  this  interesting  part  of  the  subject, 
for  the  observations  of  Gothab  have  been,  only  pub- 
lished for  the  six  months  which  I have  laid  down. 

It  is  in  vain,  I fear,  to  point  out  how  very 
instructive  a good  series  of  observations  would  be 
from  the  east  coast  of  Greenland;  but  we  may 
possibly  look  forward  to  a no  less  interesting  set 
from  Spitzbergen,  from  the  expedition  which  has 
lately  left  our  shores. 

Such  being  the  state  of  the  facts,  we  are  now  to 
inquire  whether  they  are  consistent  with  the  general 
theory  which  I have  proposed.  In  a system  of 
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balancing  currents^  as  I have  before  observed,  any 
cause  which  equally  affects  the  velocity  of  two 
antagonist  streams  will  change  the  weight  of  any 
perpendicular  column,  comprehending  sections  of 
the  two;  but^  if  either  of  them  should  be  retarded 
or  accelerated  in  its  course  without  the  other,  or 
should  they  be  unequally  affected,  their  compound 
pressure  must  alter.  We  must  conclude  further, 
that  such  unequal  change  taking  place  at  any  par- 
ticular. point  of  the  course  of  two  antagonist  cur- 
rents, must  manifest  itself  throughout  their  own 
line  by  opposite  effects  on  each  side  of  such  point. 
Let  us  imagine  two  such  currents : the  lower  flowing 
from  the  poles  to  the  equator,  and  the  upper  from 
the  equator  to  the  poles,  with  such  regular  velocities 
that  they  exactly  balance  each  other,  and  their  per- 
pendicular pressure  never  alters.  Suppose  a sud- 
den local  check  to  be  given  at  the  centre  point  of 
the  lower  current : the  upper  will  still  move  forward 
with  its  original  velocity  from  its  vis  inertiw  ; while 
on  one  side  of  the  intervening  obstacle  its  expendi- 
ture is  fed  by  a reduced  supply,  and  on  the  other  it 
meets  with  the  retarded  course  of  the  lower  current, 
and  must  accumulate  upon  it.  The  barometer, 
therefore,  which  measures  the  combined  pressure  of 
the  two  currents  must  rise  on  one  side  and  fall  on 
the  other.  This  rise  and  fall  will  also  be  sensible 
to  the  two  extremities  of  the  current,  but  in  a de- 
creasing ratio  from  the  original  point  of  disturbance, 
on  account  of  the  particles  of  the  upper  gradually 
losing  their  original  impulse,  and  adapting  them- 
selves to  a new  arrangement  and  a new  balance  of 
velocities.  Now  the  order  of  the  phenomena  which 
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we  have  been  contemplating  appears  to  me  exactly 
to  correspond  with  these  theoretical  conclusions. 
That  part  of  the  Continent  of  Europe  over  which 
the  observations  extend  lies  about  midway  in  the 
course  of  two  antagonist  currents  of  the  atmosphere  ; 
which,  from  the  distribution  of  the  temperature  of 
the  globe,  must,  in  an  undisturbed  state  of  a gase- 
ous fluid,  as  I have  elsewhere  shown,  flow  between 
the  pole  and  the  equator.  The  whole  line  of  its 
northern  extremity,  however,  is  bounded  by  the 
ocean,  the  evaporation  from  which  must  constantly 
disturb  that  regular  progression  of  temperature 
upon  which  the  balance  of  the  two  streams  depends. 
The  mode  of  this  operation  I have  described  at 
length  in  my  first  essay : it  will  be  sufficient  here 
to  recall  to  remembrance,  that  it  is  by  the  heat 
evolved  from  the  condensation  of  the  rising  vapour 
in  the  upper  regions,  and  by  the  cold  communicated 
by  its  re-evaporation,  that  such  inequ,alities  are 
produced.  The  actions  and  consequent  re-actions 
produced  by  these  irregularities  we  find  constantly 
communicated  from  the  north,  where  they  originate, 
in  a decreasing  degree,  to  the  south.  We  also  find 
that  the  counter- action  of  the  barometer,  which 
must  necessarily  exist  somewhere,  is  not  to  be 
traced  to  the  east  or  to  the  west;  and  although 
observations  are  wanting  at  the  exact  points  where 
theory  would  teach  us  to  seek  it, — namely,  to  the 
north  of  the  sea  which  bounds  the  northern  coasts 
of  Europe, — yet  we  find  evidence  of  its  existence 
upon  the  coast  of  Greenland ; which,  however,  is 
too  remote  from  the  meridian  of  the  chief  observa- 
tions, to  present  more  than  a slight  correspondence. 
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The  minor  circumstances  attending  the  principal 
phenomena  accord  no  less  with  the  theory.  The 
modification  to  which  the  curves  are  obviously  sub- 
ject upon  the  shores  of  the  Mediterranean  are  refer- 
rible  to  the  evaporation  of  that  sea.  The  northern 
ocean  is  exactly  situated  in  the  best  position  with 
regard  to  the  Continent  of  Europe  for  producing 
powerful  effects  : by  its  means  the  warm  waters  of 
the  Atlantic  are  brought  in  contact  with  the  cold 
winds  and  ice  of  the  Arctic  Regions.  In  such  a 
combination  of  circumstances,  evaporation  and  con- 
densation must  reach  the  most  violent  extremes, 
particularly  in  the  autumn  and  spring  of  the  year. 
The  vast  undulations  of  the  aerial  ocean  dependent 
upon  these  circumstances  are  sometimes  broken, 
but  not  destroyed,  by  the  gentler  influence  of  the 
southern  waters 

It  is  evident  that  the  closest  accordance  of  the 
curves  is  to  be  found  amongst  those  which  are 

* While  speaking  of  the  circumstances  which  are  best  calcu 
lated  to  produce  the  greatest  disturbance  in  the  aerial  currents, 
and  which  theory  suggests  to  be  the  nearest  approach  of  hot 
water  to  ice  and  cold,  I may  be  permitted  to  observe,  that  I anti- 
cipated that  the  greatest  oscillations  of  the  barometer  in  this 
hemisphere  would  be  found  about  the  point  where  the  Florida 
stream  makes  its  nearest  approach  to  the  north.  This  conjecture 
I have  had  an  opportunity  of  verifying  by  the  kindness  of  Lieu- 
tenant Bullock,  of  his  Majesty’s  ship  the  Snap,  who,  while  em- 
ployed by  Government  in  making  a survey  of  the  coasts  of 
Newfoundland,  kept  a very  accurate  register  of  the  barometer. 
These  observations  I have  laid  down  upon  the  scale ; and,  al- 
though they  only  extend  over  the  summer  months,  and  conse- 
quently those  least  calculated  to  exhibit  the  effect,  their  curve  is 
decidedly  more  bold  than  that  of  any  other  situation  I have  traced 
at  the  same  season  of  the  year  in  any  other  part  of  the  world. 
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situated  the  nearest  to  the  same  meridians  ; and  the 
curves  of  the  different  meridians  differ  more  from 
one  another  as  they  approach  the  Western  Ocean. 
This  is  well  exhibited  by  the  Brussels  line,  which 
varies  very  considerably  from  those  of  Erfurt  and 
Prague ; while  the  curve  of  Marseilles,  which  is 
situated  nearly  as  much  to  the  west,  but  far  removed 
from  the  western  waters,  agrees  much  more  closely 
with  those  of  Rome  and  Padua.  The  influence  of 
the  approach  of  water  is  also  exhibited  by  the 
curves  of  Spidberg  and  Stockholm,  which,  in  their 
differences  from  that  of  Copenhagen,  are  doubtless 
modified  by  the  intervention  of  the  Baltic  Sea, 

The  precession  of  the  western  curves  before  the 
eastern  may  also  be  explained  by  the  situation  of 
the  immense  reservoir  of  vapour  which  is  continu- 
ally rising  from  the  Atlantic  Ocean : this,  when 
wafted  by  the  currents  to  the  northern  shores  of 
Europe,  can  only  progressively  exert  its  influence 
along  the  successive  meridians.  We  cannot  but 
lament  in  this  comparison  the  want  of  a correspond- 
ing station  upon  the  north  coast  of  Africa,  from 
which,  amongst  many  other  interesting  questions, 
the  influence  of  the  Mediterranean  Sea  would,  pro- 
bably, have  been  more  clearly  determined.  In 
indulging,  however,  a wish  upon  this  subject,  it  is 
difficult  to  restrain  it  within  these  limits,  and  not  to 
extend  it  to  the  revival  of  a society  similar  to  that 
of  the  Palatinate,  and  the  extension  of  its  operations 
in  all  directions. 

It  may  possibly  be  objected  to  the  theory,  that 
these  undulations,  extending  over  such  a vast  tract 
of  the  globe,  cannot  be  supposed  to  depend  upon 
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any' regular  current  of  the  air;  because  the  wind 
is  blowing  at  the  same  time  in  all  directions  with 
every  modification  of  force.  But  it  must  be  re- 
membered that  the  winds^  which  are  sensible  to  us, 
are  influenced  by  local  circumstances  upon  the  sur- 
face of  the  earth,  and  are  mostly  parts  of  minor  sys- 
tems of  compensation,  compared  with  the  grand 
movement  of  the  atmospheric  ocean.  It  would  be 
as  reasonable  to  expect  that  the  current  which 
flows  out  of  the  upper  part  of  a heated  room,  and 
is  balanced  by  a counter-current  at  the  lower  part, 
should  affect  the  barometer,  as  that  the  direction 
which  the  wind  assumes  in  a particular  valley,  or 
the  retardation  which  it  may  experience  against 
any  particular  mountain,  should  influence  the  gene- 
ral movement  of  the  mercurial  column.  The  cur- 
rents to  which  the  theory  refers  overtop  the  Alps, 
and  sweep  along  uninfluenced  by  anything  but 
changes  in  the  elasticity  of  the  medium,  of  which 
they  form  a part ; — and  thus  it  is  that  we  find  the 
same  curve  described  upon  the  summit  of  St. 
Gothard  and  at  the  level  of  the  sea.  I do  not  mean 
to  deny  that  these  accidents  of  situation  have  a 
local  and  circumscribed  influence  ; for  even  the  sud- 
den shutting  of  the  door  of  a healed  room,  by  which 
we  affect  the  balance  of  its  little  system  of  currents, 
will  cause  a delicate  barometer  to  oscillate;  but 
they  are  lost  in  the  grand  outline  which  we  have 
been  considering. 

Having  traced  the  general  accordance  of  the 
barometric  curves  in  the  situations  which  I have 
pointed  out,  it  would  doubtless  be  a very  interest- 
ing and  instructive  task  to  enter  into  a further  com- 
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parison  of  them,  with  a view  of  tracing  the  causes 
of  their  minuter  differences  ; to  inquire  how  these 
may  be  referrible  to  peculiarities  of  local  situation, 
and  to  what  extent  they  are  connected  with  changes 
of  weather.  To  do  this  to  advantage,  however,  it 
would  be  necessary  that  the  comparison  should 
extend  through  a number  of  years.  The  materials 
are  not  wanting  in  the  Mannheim  Transactions; 
and  indeed  I have  already  laid  down  a far  more 
extended  number  of  observations  for  the  purpose  ; 
but  the  expense  of  engraving  them  is  very  consi- 
derable, and  the  attention  at  present  given  to  the 
study  of  Meteorology  is  not  sufficient  to  induce  a 
publisher  to  undertake  their  execution  with  the 
hope  of  any  advantage.  The  discovery,  however, 
that  some  general  law  governs  the  oscillations  of 
the  barometer,  which  extends  with  unerring  con- 
stancy over  large  tracts  of  the  earth’s  surface,  seems 
to  me  to  give  a new  interest  to  the  pursuits  of  mete- 
orology. It  removes,  in  a great  measure,  the  charge 
of  uncertainty  from  its  conclusions,  and  it  opens 
a view  of  practical  utility  which  is  more  likely  to 
excite  inquiry  than  the  speculations  of  abstract 
science.  That  we  may,  hereafter,  from  observa- 
tions properly  arranged,  be  able  to  judge,  at  any 
moment  of  time,  of  the  force  of  the  winds  at  distant 
points,  will  not,  I think,  appear  chimerical  to  those 
who  will  attentively  consider  the  phenomena  which 
have  just  been  developed  ; and  it  is  not  difficult  to 
perceive  that  the  interests  of  navigation  may  be 
deeply  concerned  in  a knowledge  of  the  laws  of 
such  fluxes  and  refluxes  of  the  aerial  ocean  as  those 
which  we  have  been  contemplating. 


ON  THE  GRADUAL  DETERIORATION  OF 
BAROMETERS 

AND  THE 

MEANS  OF  PREVENTING  THE  SAME. 


In  my  previous  remarks  upon  the  construction  of 
barometers,  I have  stated  my  reasons  for  differing 
from  the  high  authority  of  the  President  of  the 
Royal  Society,  upon  the  cause  of  the  existence  of 
elastic  matter  in  barometer  tubes,  suggested  by  him  in 
a paper  upon  ‘‘  the  electrical  phenomena  exhibited 
in  vacuo,”  and  published  in  the  Philosophical  Trans- 
actions for  the  year  1822.  Sign.  Bellani  also  ar- 
rived at  the  same  conclusion  as  myself,  from  a 
series  of  experiments  which  he  undertook,  expressly 
to  determine  whether  the  air  or  vapour,  the  last 
portions  of  which  are  found  to  remain  so  obstinately 
in  barometers  and  thermometers,  is  introduced  with 
the  mercury,  or  is  a portion  of  that  which  originally 
occupied  the  tube  before  the  introduction  of  the 
metal.  The  conclusion  he  comes  to  is,  that  it  is 
always  a portion  of  that  which  previously  adhered 
to  the  glass,  and  that  mercury  is  utterly  incapable  of 
absorbing  either  air  or  moisture.  One  of  his  expe- 
riments is  so  simple,  and  at  the  same  time  so  con- 
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elusive,  that  I cannot  refrain  from  giving  a short 
account  of  it.  He  filled  a barometer  tube,  and 
boiled  it  very  carefully,  and  then  prepared  a funnel 
made  of  a small  capillary  tube,  which  reached 
through  the  mercury  in  the  barometer  tube  to  the 
closed  end,  and  was  enlarged  at  the  top.  When 
introduced,  it  had  been  recently  made,  and  perfectly 
dry.  Some  mercury  was  then  prepared  by  agi- 
tating it  in  a bottle  with  water  and  air,  and  dried 
by  means  of  filtering  paper,  and  afterwards  passing 
it  through  paper  cones,  three  or  four  times,  into 
dry  vessels.  A little  of  this  mercury  was  poured 
into  the  funnel-tube,  and  the  air  extracted  by  means 
of  a fine  wire,  so  that  the  column  was  continuous. 
So  much  of  this  prepared  mercury  was  then  poured 
in  as  fully  to  displace  the  mercury  which  had  been 
boiled  in  the  tube.  The  barometer  was  found  to 
stand  exactly  at  the  same  height  as  before  in  the 
same  circumstances;  and,  when  the  mercury  was 
heated,  none  of  those  bubbles  appeared  which  arose 
on  the  first  boiling 

Still  further  to  illustrate  this  subject,  which  I 
thought  of  the  highest  importance,  and  to  ascertain 
the  difference  of  capillary  action  in  boiled  and 
unboiled  barometer-tubes,  I undertook  the  following 
experiments.  The  apparatus  which  I made  use  of 
consisted  of  an  upright  pillar  of  brass,  standing 
upon  a mahogany  foot,  upon  which  two  horizontal 
arms  of  unequal  lengths  were  made  to  slide ; at  the 
extremity  of  each  of  these  a steel  needle,  with  a 
fine  point,  was  fixed  perpendicularly  downwards. 

^ Giornale  de  Fisica.  Vol,  vi.  p.  20,  or  see  Royal  Jnstituiion 
Journal^  Vol.  xv.  p.  371. 
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These  points  could  be  adjusted  to  the  same  plane, 
or  their  relative  distance  be  measured,  by  means  of 
a nut  and  screw  upon  the  pillar,  which  carried  a 
nonius ; and  the  slightest  contact  of  these  points 
with  the  clean  surface  of  a basin  of  mercury  was 
instantly  perceptible.  I satisfied  myself,  by  re- 
peated trials,  that  the  adjustment  might  be  depended 
upon  to  the  one-thousandth  part  of  an  inch.  I made 
a contrivance  to  hold  a glass  tube  perpendicularly 
immersed  in  a basin  filled  with  mercury  ; and  when 
one  of  the  steel  points  was  made  to  touch  the  sur- 
face of  the  fluid  in  the  tube,  and  the  other  the  sur- 
face in  the  basin,  the  depression  of  the  former  was 
accurately  measured  by  the  noriius.  In  this  man- 
ner I determined  the  capillary  action  of  several 
tubes,  varying  in  their  diameters  from  one  to  six- 
tenths  of  an  inch.  The  results  agreed  as  nearly  as 
possible  with  Dr.  Young’s  table,  calculated  from 
the  experiments  of  Mr.  Cavendish.  The  end  of  the 
tubes,  opposite  to  those  at  which  the  measures  had 
been  taken,  were  then  hermetically  sealed,  in  such 
a manner  as  to  be  readily  re-opened  under  mercury  : 
they  were  immediately  filled  with  mercury,  and 
carefully  boiled.  I expected  to  be  able  to  ascertain 
the  differences  of  depression  by  opening  them  in 
the  basin  of  mercury,  and  proceeding  as  before. 
The  experiment  was  performed  as  soon  after  the 
operation  of  boiling,  as  the  mercury  in  the  tube 
had  cooled  down  to  the  temperature  of  that  in  the 
basin.  At  first  the  attraction  between  the  mercury 
and  the  glass  appeared  to  be  perfect,  and  no  de- 
pression conld  be  perceived.  When,  however, 
the  tubes  were  left  some  time  exposed,  either  before 
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or  after  they  were  opened,  the  air  and  moisture 
insinuated  themselves  between  the  metal  and  the 
glass,  and  an  immediate  depression  was  the  conse- 
quence. This  depression  increased  gradually,  till 
at  length  it  became  fixed  at  the  exact  point  of  that 
of  the  unboiled  tube.  The  progress  of  this  effect 
was  easily  perceptible  with  a magnifying  glass, 
and  was  rendered  still  more  visible  by  heating  the 
tube,  when  air-bubbles  were  immediately  detached. 
This  is  obviously  the  same  effect  as  that  described 
by  Sir  H.  Davy  in  his  paper  before  alluded  to,  in 
which  he  says  that,  “ on  keeping  the  stop-cock  of 
one  of  the  tubes,  used  in  the  experiment  on  the 
mercurial  vacuum,  open  for  some  hours,  it  was  found 
that  the  lov/er  stratum  of  mercury  had  imbibed  air, 
for  when  heated  in  vacuo  it-  emitted  it  distinctly 
from  a space  of  a quarter  of  an  inch  of  the  column ; 
smaller  quantities  were  disengaged  from  the  next 
part  of  the  column,  and  its  production  ceased  at 
about  an  inch  high  in  the  tube.”  Now  I conceive 
that  the  fact  above  related  absolutely  proves  that 
the  air  had  insinuated  itself  between  the  mercury 
and  the  tube,  and  shows  that  there  is  no  “ reason 
to  believe  that  this  air  existed  in  mercury  in  the 
same  invisible  state  as  in  water,  that  is,  distributed 
through  its  pores.”  For,  if  the  latter  had  been  the 
case,  the  mercury,  which  contained  no  air  after 
being  boiled,  would,  from  its  greater  density,  have 
sunk,  in  the  tube,  when  surrounded  by  mercury 
which  had  not  been  boiled,  and  would  have  risen 
gradually  as  it  became  saturated  with  air.  1 am 
justified  in  drawing  the  conclusion  from  the  contrary 
effect,  that  the  air  had  insinuated  itself  between  the 
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metal  and  the  tube  ; for  the  capillar}^  depression  is 
known  to  be  in  inverse  proportion  to  the  affinity  of 
the  fluid  for  the  containing  tube,  and  nothing  could 
have  affected  that  affinity  in  the  case  before  us,  but 
the  gradual  interposition  of  a thin  stratum  of  air  and 
moisture. 

Having  thus  traced  and  measured  the  progress  of 
the  air  down  the  sides  of  small  tubes  filled  with 
mercury^  and  boiled  with  the  greatest  care,  I was 
naturally  led  to  suspect  that  the  same  action  might 
'take  place  in  barometers,  to  their  gradual  deteriora- 
tion. I soon  saw  reasons  to  conclude  that  such  a 
process  actually  was  going  on  in  the  most  carefully 
constructed  instruments,  and  that,  in  time,  air  would 
thus  insinuate  itself  into  the  best  Torricellian 
vacuum.  In  my  paper  upon  the  construction  of 
the  barometer^  I have  given  all  the  particulars  of 
the  making  of  two  barometers,  in  which  every 
precaution  was  used  to  dispel  every  particle  of 
air.  One  of  these,  it  will  be  recollected,  was  of  very 
large  dimensions,  and  was  fixed  up  in  the  apart- 
ments of  the  Royal  Society,  under  the  superinten- 
dence of  the  Meteorological  Committee  ; the  other 
was  of  the  mountain  construction,  and  intended  for 
my  own  use:  the  agreement  between  these  two 
instruments,  when  all  corrections  were  made  for  the 
differences  in  their  sizes  and  forms,  was  very  per- 
fect, and  proved  that  the  care  which  liad  been 
bestowed  upon  them  had  not  been  thrown  away. 
In  the  latter,  however,  I lately  remarked  that  a 
small  quantity  of  air  had  ascended  into  the  mcuum. 
I could  not  discover  any  way  in  which  this  could 
have  obtained  admission;  but,  attributing  it  to 
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accident,  I laid  it  aside,  and  thought  no  more  of  it 
till  the  present  experiments  recalled  it  to  my  recol- 
lection. By  a singular  coincidence  I was,  about 
this  time,  informed  that  the  barometer  of  the  Royal 
Society  had  assumed  a very  remarkable  appear- 
ance, and  that  the  mercurial  column_,  which  was 
originally  perfectly  bright  and  compact  now  seemed 
dull  and  speckled.  I immediately  proceeded  to 
examine  it  carefully,  and  I at  once  perceived  that 
it  was  copiously  studded  with  minute  air-bubbles. 
As  far  as  the  mercury  was  exposed  to  view,  the 
specks  could  be  traced  decreasing  in  size,  from  the 
upper  to  the  lower  part.  The  manner  in  which 
this  instrument  is  fixed  rendered  it  impossible  to 
suspect  that  this  air  could  have  obtained  admission 
by  any  accident ; for^  unlike  the  mountain-baro- 
meter, the  column  of  metal  is  exposed  to  no  oscilla- 
tions but  such  as  arise  from  dififerences  of  atmos- 
pheric pressure.  I was  myself  quite  satisfied^  and 
those  who  have  read  the  account  of  the  precautions 
taken  in  filling  the  tube  will  also^  I think,  be  satis- 
fied, that  this  air  was  not  left  at  its  original  con- 
struction ; and  the  manner  of  its  intrusion  is  I think 
pointed  out  by  the  experiments  which  I have 
detailed. 

While  I was  occupied  with  these  considerations, 
and  sufficiently  vexed  to  find  that  all  my  care  had 
been  thrown  away  to  prevent  my  adopting  that 
opinion  without  very  strong  grounds,  it  occurred  to 
me  that  I had,  in  the  course  of  my  experience, 
observed  a phenomenon,  which  was  calculated  to 
throw  some  light  upon  the  present  question;  namely, 
that  gases  were  more  readily  preserved  from  mix- 
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ture  with  atmospheric  air  over  water  than  over 
mercury.  I was  unable  to  refer  to  any  notes  of 
experiments  to  confirm  this  suspicion,  but  I pro- 
posed the  question  to  Mr.  Faraday,  who^  I made  no 
doubt,  from  his  great  accuracy  and  experience, 
must  have  made  the  observation,  if  it  were  founded 
•in  fact.  Without  at  the  time  having  any  know- 
ledge of  the  ulterior  object  which  I had  in  view,  he 
at  once  answered  me,  that  mercury,  he  believed, 
would  not  confine  gases  for  a long  period  so  well  as 
water ; and  he  thought  that,  by  referring  to  his 
note-book,  he  could  furnish  me  with  the  particulars 
of  a case  in  point.  He  accordingly  did  me  the 
favour  to  extract  the  following  particulars : — 

In  June,  1823,  he  made  a mixture  of  one  volume 
of  oxygen  and  two  volumes  of  hydrogen  ; with  this 
he  filled  five  dr?/  bottles  over  mercury,  and  also 
four  bottles  over  water.  He  left  the  glasses  inverted 
over  mercury  and  water,  placing  three  mercury  and 
two  w^ater  bottles  in  the  windows,  so  as  to  receive 
the  sun’s  rays  and  day-light ; and  two  mercury  and 
two  water  bottles  he  placed  in  a dark  place.  In 
July,  1824,  he  examined  the  bottles;  the  water 
bottle  in  the  light  contained  hydrogen  and  some 
common  air,  and  there  was  no  alteration  of  volume; 
the  mercury  bottle  in  light  contained  common  air 
only.  The  water  bottles  in  the  dark  place  showed 
no  alteration*  of  volume,  and  the  air  contained  in 
them  proved  to  be  the  original  mixture  ; the  mer- 
cury bottles  in  the  same  situation  contained  nothing 
but  cormnoji  air. 

Hence  it  appears  that  a fluid  which  has  attraction 
enough  for  glass,  to  enable  it  to  wet  its  surface, 
effectually  prevents  the  passage  of  gases  into  or 
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out  of  vessels,  of  that  substance  ; while  a fluid 
which  does  not  wet  the  surface  permits  their  slow 
penetration.  The  case  of  the  confined  air  is  exactly 
analogous  to  that  of  the  barometer ; for  its  escape 
and  the  admission  of  the  atmospheric  air  can  only 
be  in  virtue  of  the  law  discovered  by  Mr.  Dalton, 
that  the  gases  are  as  vacua  to  one  another.  The 
inference  is  also  pretty  strong,  that  the  infiltration 
takes  place  along  the  surface  of  the  glass^  and  not 
through  the  pores  of  the  fluid. 

It  has  been  attempted  to  contravert  this  conclu- 
sion, by  the  observation  that  gases  have  been  pre- 
served a considerable  time  by  mercury  ; but  when 
it  is  considered  that  the  slightest  film  of  moisture, 
or  any  foulness  of  the  mercury^  will  form  a connex- 
ion between  the  metal  and  the  glass,  the  objection 
can  be  of  no  avail,  unless  these  circumstances  have 
been  attended  to.  To  ensure  the  maximum  of  the 
effect  which  I have  been  describing,  it  is  necessary 
that  both  glass  and  mercury  should  be  in  the  driest 
and  cleanest  possible  state ; that  is  to  say,  exactly 
in  the  state  in  which  they  exist  in  a well-made 
barometer. 

In  consequence  of  doubts  which  were  thrown 
over  the  fact,  in  the  course  of  some  discussions 
which  arose  upon  the  subject,  Mr.  Faraday  was 
induced  to  repeat  the  experiment  in  the  most  care- 
ful manner,  and  the  following  are  the  results  as 
recorded  by  himself. 

Two  volumes  of  hydrogen  gas  were  mixed  with 
one  volume  of  oxygen  gas,  in  a jar  over  the  mercurial 
trough,  and  fused  chloride  of  lime  introduced,  for  the 
purpose  of  removing  hygrometric  water.  Three 
glass-bottles,  of  about  three  ounces  capacity  each, 


AND  MEANS  OP  PREVENTION. 


575 


were  selected  for  the  accuracy  with  which  their  glass 
stoppers  had  been  ground  into  them ; they  were 
well  cleaned  and  dried,  no  grease  being  allowed 
upon  the  stopper.  The  mixture  of  gases  was 
transferred  into  these  bottles  over  the  mercurial 
trough,  until  they  were  about  four-fifths  full,  the 
rest  of  the  space  being  occupied  by  the  mercury. 
The  stoppers  were  then  replaced  as  tightly  as  could 
be,  the  bottles  put  into  glasses  in  an  inverted  posi- 
tion, and  mercury  poured  round  the  stoppers  and 
necks,  until  it  rose  considerably  above  them,  though 
not  quite  so  high  as  the  level  of  the  mercury  within. 
Thus  arranged,  they  were  put  into  a cupboard 
which  happened  to  be  dark^  and  were  sealed  up. 
This  was  done  on  June  28,  1825,  and  on  September 
the  15th,  1826,  after  a lapse  of  fifteen  months, 
they  were  examined.  The  seals  were  unbroken, 
and  the  bottles  found  exactly  as  they  were  left ; the 
mercury  still  being  higher  on  the  inside  than  the 
outside.  One  of  them  was  taken  to  the  mercurial 
trough,  and  part  of  its  gaseous  contents  transferred; 
upon  examination  it  proved  to  be  common  air,  no 
traces  of  the  original  mixture  of  oxygen  and  hydro- 
gen remaining  in  the  bottle.  A second  was  ex- 
amined in  the  same  manner ; it  proved  to  contain 
an  explosive  mixture.  A portion  of  the  gas  intro- 
duced into  a tube,  with  a piece  of  spongy  platlna, 
caused  dull  ignition  of  the  platina ; no  explosion 
took  place,  but  a diminution  to  rather  less  than 
one-half.  The  residue  supported  combustion  a 
little  better  than  common  air.  It  would  appear, 
therefore^  that  nearly  a half  of  the  mixture  of  oxygen 
and  hydrogen  had  escaped  from  it,  and  been  re- 
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placed  by  common  air.  The  third  bottle,  examined 
in  a similar  manner,  yielded  also  an  explosive 
mixture,  and  upon  trial  was  found  to  contain  nearly 
two-fifths  of  a mixture  of  oxygen  and  hydrogen, 
the  rest  being  a very  little  better  in  oxygen  than 
common  air. 

“ There  is  no  good  reason  for  supposing  that  this 
capability  of  escape  between  glass  and  mercury  is 
confined  to  the  mixture  here  experimented  with ; 
probably  every  other  gas^  having  no  action  on  the 
mercury  or  the  glass^  would  have  made  its  way 
out  in  the  same  manner.  There  is  every  reason  for 
believing  that  a small  quantity  of  grease  round  the 
stoppers  would  have  made  them  perfectly  tight.” 
Journal  of  the  Royal  Institution,  vol.  xxii.  p.  220. 

I alsorepeatevd  the  experiment  with  the  following 
variations.  I inclosed  a portion  of  pure  hydrogen 
in  a glass  jar,  standing  over  mercury,  carefully  pre- 
serving the  same  level  both  on  the  inside  and  the  out. 
I then  passed  a lump  of  spongy  platinum  into  the 
jar,  which  floated  upon  the  surface  of  the  metal,  and 
it  was  carefully  put  by  in  a dark  cupboard.  At  the 
expiration  of  thirteen  months,  it  was  examined,  and 
the  mercury  had  risen  in  the  jar  an  inch  above  the 
level  of  that  without.  The  atmospheric  air  had  evi- 
dently insinuated  itself  between  the  glass  and  the 
metal ; and  the  oxygen,  combining  with  the  hydro- 
gen, from  the  action  of  the  platinum,  had  created 
a partial  vacuum,  and  caused  the  mercury  to  rise. 

•I  was  no  sooner  convinced  that  the  most  carefully 
constructed  barometers  were  liable  to  a slow  and 
gradual  deterioration,  in  the  manner  which  I have 
indicated,  than  I endeavoured  to  find  a remedy  to 


AND  MEANS  OF  PREVENTION. 


577 


the  evil ; without  which^,  it  is  clear,  that  some  of 
the  most  interesting  problems  of  meteorology  must 
be  for  ever  left  in  a state  of  vagueness  and  uncer- 
tainty. For  a long  time  I despaired  of  success ; 
but  I was  fortunate  enough  at  length  to  discover  an 
effectual  method  of  preserving  the  Torricellian 
vacuum. 

I soon  perceived  that  the  only  possibility  of 
effecting  the  object  which  I had  in  view,  consisted 
in  finding  out  some  method  of  making  the  mercury 
wet  (if  I may  be  allowed  the  term)  the  tube  in 
which  it  is  contained.  I was  fearful,  at  first,  that 
all  the  substances  to  which  its  attraction  is  suffici- 
ently strong  for  this  purpose,  would  be  so  much 
acted  upon  as  to  become  disintegrated  or  dissolved. 
I,  however,  fortunately  recollected  that,  in  some 
experiments  in  which  I was  formerly  engaged, 
platinum,  immersed  in  boiling  mercury,  became 
completely  coated  by  it,  and  afterwards  retained  its 
coating  for  a long  time.  I repeated  the  experiment 
with  some  platinum  foil,  and  found  it  to  succeed 
perfectly.  The  mercury  adhered  strongly  to  the 
foil,  and  the  latter,  after  a long  immersion,  was 
found  to  have  lost  none  of  its  tenacity.  I availed 
myself  of  this  property  in  the  following  way  :> — I 
caused  a small  thin  piece  of  platinum  tube  to  be 
made  about  the  third  of  an  inch  in  length,  and  of 
the  diameter  of  the  glass  tube  ; this  was  carefully 
welded  to  its  open  end,  so  that  the  barometer  tube 
terminated  in  a ring  of  platinum.  The  tube  was 
filled  and  boiled  as  usual,  and  the  infiltration  of  air 
was  completely  prevented  by  the  adhesion  of  the 
mercury,  both  to  the  interior  and  exterior  surface 
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of  the  platinum  guardi  -I  have  no  doubt  that  a 
mere  ring  of  wire  welded,  or  even  cemented  upon 
the  exterior  surface  of  the  glass,  which  would  be  a 
much  easier  and  less  expensive  operation,  would 
be  a sufficient  protection,  as  the  slightest  line  of 
perfect  contact  must  effectually  arrest  the  passage 
of  the  air : but  in  the  first  attempt  I was  desirous 
that  the  experiment  should  be  tried  in  the  most 
perfect  manner.  When  a piece  of  glass,  armed 
either  with  a ring  or  tube,  is  immersed  in  mercury, 
the  effect  is  easily  perceived ; instead  of  any  de- 
pression being  visible  around  it,  the  mercury  may 
be  lifted  by  it  considerably  above  its  proper 
level.  Time,  of  course,  alone  would  fully  confirm 
the  efficacy  of  the  guard ; but  as  far  as  the  experi- 
ments have  gone,  they  have  been  completely  satis- 
factory. 

Hydrogen  gas  introduced  into  a glass  jar  with 
spongy  platinum,  exactly  in  the  same  manner  as 
before  described,  except  that  the  edge  of  the  jar 
was  protected  by  a rim  of  platinum  wetted  with 
mercury,  was  completely  cut  off  from  any  mixture 
of  the  atmosphere,  and  the  mercury  maintained  its 
level  without  change. 

- It  was  long  before  I could  find  evidence  of  the 
deterioration  of  barometers  in  the  numerous  regis- 
ters that  are  kept  of  their  oscillations : few  have 
been  continued  for  a sufficient  length  of  time,  with 
the  same  instruments,  to  answer  this  purpose  satis- 
factorily. Instances  abound  of  observers  having 
taken  the  pains  to  re-boil  their  barometers,  from 
air  having  obtained  admission,  in  some  * unknown 
way  which  has  always  been  attributed  to  accident ; 


AND  MEANS  OP  PREVENTION.  579 

but  the  fact  of  their  gradual  deterioration  cannot,  in 
this  way,  be  established,  by  modern  observations. 
So  completely  as  might  have  been  supposed. 

The  register  of  the  Royal  Observatory  at  Paris 
has  only  been  published  since  the  year  1816,  in 
the  Annales  de  Chimie  ; a period  which  is  not  suffi- 
cient  so  far  to  neutralize  the  annual  oscillation  as 
to  afford  the  means  of  a satisfactory  comparison. 
Mr.  Howard,  however,  in  his  work  upon  the  climate 
of  London,  states  the  mean  height  of  the  Royal 
Society’s  barometer  for  ten  years,  from  1797  to 
1806,  to  be  29.882  inches,  while  for  the  ten  suc- 
ceeding years  it  is  only  29.849  inches,  which  gives 
a depression  of  .033  inches  in  that  interval. 

The  observations  of  the  following  ten  years  will 
not,  I fear,  be  available  in  the  same  comparison,  from 
the  carelessness  with  which  they  have  been  made. 

The  difference  in  the  height  of  the  old  and  new 
barometer,  which  have  now  been  placed  side  by 
side,  was,  in  the  latter  part  of  the  year  1824,  .07 
inch,  upon  a mean  of  twenty  observations ; the  new 
barometer  standing  upon  the  average  so  much 
higher  than  the  old  one.  Whether  this  be  wholly 
owing  to  deterioration,  it  is  not  possible  to  say; 
for  the  old  barometer  does  not  appear  to  have  been 
boiled : but  from  the  well-known  accuracy  of  Mr. 
Cavendish,  under  whose  superintendence  it  was 
constructed,  it  is  impossible  not  to  ascribe  a great 
portion  of  it  to  this  cause.  The  mercury  of  this 
instrument  is  now  thickly  studded  with  air-bubbles 
of  much  larger  size  than  those  of  the  new  barome- 
ter ; and  when  I last  examined  it,  some  of  them 
were  just  upon  the  point  of  making  their  escape. 
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In  the  Ephemerides  of  the  Meteorological  Society 
of  the  Palatinate,  however,  of  which  I have  given 
an  account  in  a previous  essay,  I found  what  I had 
long  sought  amongst  modern  observations.  The 
first  astronomers  of  the  continent  did  not  at  that 
time  think  the  science  of  meteorology  beneath  their 
notice,  and  themselves  attended  to  the  irksome 
labour  of  registering  the  indications  of  the  instru- 
ments, and  calculating  the  mean  results.  Whoever 
will  take  the  trouble  of  examining  these  faithful  and 
laborious  records,  must  come  to  the  conclusion,  that 
this  branch  of  natural  knowledge,  not  only  has  made 
no  progress  since  the  unfortunate  dissolution  of  this 
society,  but  has  seriously  retrograded ; both  as  to 
the  accuracy  of  the  instruments  of  research,  and  the 
proper  method  of  pursuing  the  investigation. 

, From  the  immense  repository  of  these  volumes  I 
have  selected*  eight  registers,  in  which  the  same 
instruments,  all  carefully  compared  together,  were 
used  during  the  greatest  length  of  time  ; and  from 
them  I have  extracted  the  following  mean  annual 
heights  of  the  different  barometers.  The  observa- 
tions were  taken  three  times  in  the  day,  and  the 
means  are  calculated  from  all  the  observations  : — 

The  FIRST  series  is  that  of  Mannheim,  which  con- 
sists of  12  years,  from  1781  to  1792  inclusive:  this 
I have  divided,  in  the  following  table,  into  two  pe- 
riods of  six  years  each.  The  height  of  the  baro- 
meter is  registered  in  French  inches,  lines,  and 
tenths : — 

* These  were  the  only  instances  which  were  calculated  to 
throw  any  light  upon  the  subject,  from  the  length  of  time  during 
which  they  were  continued. 
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Year.  Ins.  Ls.  Tenths. 

1781  ..27  9 9 

1782  ..47  9 3 

1783  ..27  9 6 

1784  ..27  9 1 

1785  ..27  9 9 

1786  .,27  9 4 


Year.  Ins.  Ls.  Tenths. 

1787  . . 27  9 8 

1788  . . 27  9 6 

1789  ..27  8 3 

1790  , . 27  9 2 

1791  ..27  8 9 

1792  . . 27  7 5 


Mean  . . 27  9 5 Mean  . . 27  8 8 

From  this  it  appears  that  the  mean  of  the  last 
six  years  is  .7  of  a line,  or  .062  in.  English  lower 
than  that  of  the  first  six.  The  second  series  is 
that  of  Padua  for  the  same  twelve  years,  divided 
into  similar  periods. 


Year. 

Ins. 

Ls. 

Tenths. 

Year. 

Ins. 

Ls. 

Tenths. 

178]  .. 

28 

0 

84 

1787  .. 

28 

2 

1 

1782  . . 

28 

1 

05 

1788  .. 

28 

1 

5 

1783  .. 

28 

1 

65 

1789  , . 

28 

1 

46 

1784  . . 

28 

1 

2 

1790  .. 

28 

2 

7 

1785  . . 

28 

1 

68 

1791  .. 

27 

11 

2 

1786  . . 

28 

1 

7 

1792  .. 

27 

10 

1 

Mean  28 

1 

3 

Mean  28 

0 

8 

The  result  of  this  comparison  is,  that  the  mean 
of  the  last  six  years  is  lower  than  the  first  six  .5  of 
a line,  or  .044  English  inch. 

The  THIRD  series  is  that  of  Rome,  in  which,  how- 
ever, the  first  year  is  deficient,  the  observations  not 
having  been  commenced  till  the  year  1782. 


Year. 

1781  .. 

Ins. 

Ls. 

Tenths. 

Year. 

1787  .. 

Ins. 

28 

Ls. 

0 

Tenths, 

6 

1782  .. 

27 

]0 

49 

1788  .. 

28 

0 

3 

1783  .. 

27 

10 

71 

1789  .. 

27 

9 

3 

1784  . . 

27 

11 

7 

1790  .. 

27 

9 

0 

1785  . . 

28 

0 

2 

1791  .. 

27 

10 

2 

1786  . . 

28 

0 

5 

1792  . . 

27 

8 

3 

Mean  27  11  5 


Mean  27  10  2 
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The  average  of  the  last  six  years  is  here  lower 
than  that  of  the  first  five  1 line  .3,  or  .114  English 
inch. 

The  FOURTH  series  is  that  of  Buda,  which  like- 
wise wants  the  first  year.  * 


Year.  Ins. 

,1781 

Ls.  Tenths. 

Year. 

1787 

Ins. 

..  27 

. Ls. 

5 

Tenths. 

98 

1782  . . 27 

5 76 

1788 

. . '27 

6 

2 

1783  ..  27 

6 09 

1789 

. . 27 

3 

5 

1784  ..  27 

5 89 

1790 

..  27 

6 

5 

1785  ..  '27 

5 90 

1791 

..  27 

5 

9 

1786  . . 27 

5 " 85 

1792 

..  27 

4 

6 

Mean  27 

‘ 5 '8 

Mean  27 

5 

4 

The  difference  is  here  .4  line,  or  .035  English 
inch.  : .. 

The  FIFTH  series  is  that  of  Brussels,  which,  how- 
ever, consists  of  only  eight  years,  wanting  the  four 
first.  . - 


Year.  • Ins. 

Ls. 

Tenths. 

Year. 

Ins. 

Ls. 

Tenths. 

^1785  ..  27 

10 

72. 

1789  . 

. 27 

8 

7 

1786  ..  27 

9 

98  , 

1790  . 

. 28 

0 

9 

1787  . . 27' 

10 

0 

1791  . 

. 27 

9 

9 

1788  ..  28 

0 

5 

1792  . 

. 27 

9 

9 

Mean  27 

10 

8 

Mean  27 

10 

3 

The,  difference  between  the  means  of  the  first 
and  second  four. years  is  .5  line,  or  .044  English 
inch.  . . 

The’  SIXTH  series  is  taken  from  a higher  station  ; 
viz.  Munich.  The  first  six  years  are  complete,  but 
the  eighth  is  wanting. 
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Year. 

Ins. 

Ls. 

Tenths. 

Year. 

Ins. 

Ls. 

Tenths. 

1781  . . 

26 

5 

69 

1787 

. . 26 

6 

3 

1782  . . 

26 

5 

01 

1788 

1783  .. 

26 

5 

35 

1789 

..  26 

3 

8 • 

1784  .. 

26 

5 

50 

1790 

..  26 

6 

9 

1785  .. 

26 

4 

99 

1791 

..  26 

4. 

8 

1786  . . 

26 

4 

88 

1792 

..  26 

2 

8 ' 

Mean  26 

5 

2 

Mean  26 

4 

9 

The  mean  of  the  last  five  years  is  lower  than  that 
of  the  first  six  .3  line,  or  .026  English  inch. 

The  SEVENTH  series  is  from  the  summit  of  Peis- 
senberg,  a mountain  in  Bavaria. 


Year. 

Ins. 

Ls. 

Tenths. 

Year. 

Ins. 

Ls. 

Tenths. 

1781 

. . 25 

0 

14 

1787  .. 

24 

11 

89 

1782 

..  24 

11 

27 

1788  .. 

24 

11 

73 

1783 

..  24 

11 

42 

1789  .. 

24 

11 

09 

1784 

. . 24 

11 

03 

1790  .. 

25 

0 

1 

1785 

..  24 

11 

36 

1791  . . 

24 

11 

28 

1786 

. . 24 

11 

07 

1792  .. 

24 

8 

9 

Mean  24 

11 

3 

Mean  24 

11 

0 

The  number  of  years  is  complete,  and  the  mean 
of  the  first  six  is  .3  line  higher  than  that  of  the  last 
six,  or  .026  English  inch. 

The  EIGHTH  and  last  series  is  taken  from  the 
summit  of  Mount  St.  Gothard.  The  first  year  only 
is  deficient. 


Year. 

1781  .. 

Ins. 

Ls. 

Tenths. 

Year. 

1787 

Ins. 

. . 21 

Ls. 

10 

Tenths. 

2 

1782  . . 

21 

8 

91 

1788 

..  21 

9 

0 

1783  .. 

21 

10 

0 

1789 

..  21 

9 

9 

1784  . . 

21 

9 

3 

1790 

..  21 

10 

3 

1785  . „ 

21 

9 

7 

1791 

..  21 

8 

0 

1786  . . 

21 

9 

24 

1792 

..  21 

7 

-4 

Mean  21 

9 

4 

Mean  21 

9 

1 
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The  mean  of  the  last  six  years  is  lower  than  that 
of  the  first  five  .3  line,  or  .026  English  inch. 

All  these  exanaples  clearly  concur  in  establishing 
the  supposition  .of  the  gradual  depression  of  the 
mercurial  column  by  the  infiltration  of  the  air. 
There  is  also  another  conclusion,  derivable  from 
the  same  facts,  which  might  have  been  anticipated 
from  theory  ; namely,  that  the  amount  of  the  effect 
depends,  in  some  degree,  upon  the  elasticity  of  the 
atmosphere  in  which  it  takes  place.  The  five  series 
of  observations  whose  mean  pressure  is  29  .235  in. 
English,  show  an  average  depression  of  .059  inches 
in  twelve  years  ; while  the  three  series,  whose  mean 
pressure  is  25  .977,  exhibit  a depression  of  only 
.026  inches  in  the  same  interval. 

From  the  same  valuable  record  of  facts  I have 
also  derived  a strong  confirmation  of  my  opinion  of 
the  manner  in  w^hich  the  air  gains  access  to  the 
vacuum  of  the  barometer ; that  is  to  say,  that  it  is 
by  means  of  the  glass,  and  not  of  the  mercury. 
While  I quote  the  observation  in  support  of  my 
ideas  upon  this  subject,  it  will  at  the  same  time 
serve  for  a specimen  of  the  skill  and  exactness  with 
which  all  the  proceedings  of  the  Society  were  regu- 
lated. The  observation  occurs  in  the  directions 
given  by  the  Secretary  Hemmer  for  boiling  the 
mercury  in  thermometers.  He  thus  expresses  him- 
self, “ Notatu  perquam  dignum  hoc  in  labore  est, 
nihil  ingentis  illius  vis  bullarum  aerearum  conspici, 
qu8e,  ubi  mercurius  sine  igne  immissus  fuit,  inter 
hunc  et  vitrum  in  coctione  apparere  solent,  manU 
festo  indicio,  eas  non  tarn  a mercurio  qiiam  a vitro 
provmre^  cujus  parietibus  adh^rebant,  quemad- 
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modum  in  universum  omnes  corporum  superficies 
densiore  aeris  lamina  stipatas  esse  et  ratio  et  experi- 
entia  evincunt.  Hanc  aeris  massam  jam  turn  a 
cylindro  expuleram,  cum  exiguam  hydrargyri  por- 
tionem  initio  immissam  fortius  ebullire  facerem 
unde  quse  in  secunda  coctione  in  conspectum  venie- 
bant  bullse  admodum  rarse  erant^.” 

I have  lately  been  directed  by  my  friend  Mr.  R. 
Phillips,  to  another  very  singular  confirmation  of 
my  ideas  upon  this  interesting  subject.  The  au- 
thority upon  v^hich  this  confirmation  rests,  is  that 
of  Dr.  Priestley,  whose  acuteness  of  observation 
few,  I imagine,  will  presume  to  doubt.  The  fol- 
lowing extract  is  taken  from  the  third  volume  of  his 
Observations  on  Air  (p.  236,  and  sequel),  pub- 
lished in  1786 : — 

‘‘  In  the  course  of  these  experiments  with  the 
sun,  I observed  a remarkable  source  of  fallacy  with 
respect  to  the  increase  of  the  quantity  of  air  con- 
fined by  mercury,  when  there  is  so  much  moisture 
in  the  inside  as  to  be  subject  to  sudden  dilations 

* There  is  a defect  which  may  often  be  observed  in  old  looking- 
glasses,  which  may  probably  be  referred  to  the  same  cause  as 
the  deterioration  of  barometers.  I allude  to  a dulness  which 
takes  place  in  large  spots  over  their  surface,  and  which  generally 
seems  to  radiate  from  a centre.  I have  frequently  remarked  this 
in  the  very  old  mirrors  in  some  of  the  palaces  upon  the  conti- 
nent. I imagine  that  this  arises  from  the  slow  insinuation  of 
air  by  the  edges,  or  some  accidental  crack  in  the  metal  at  the 
back  of  the  glass.  It  is  also,  I understand,  well  known  to  the 
dealers  in  mirrors,  that  when  placed  against  a damp  wall,  look- 
ing-glasses are  particularly  liable  to  become  cloudy  ; and  it  is 
most  likely  that  moisture  greatly  facilitates  the  action  to  which 
I have  been  referring. 
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and  compressions.  For  a considerable  quantity  of 
common  air  would  get  into  the  inside  of  the  vessel 
when  there  was  the  depth  of  an  inch  of  mercury  on 
the  outside  of  it,  and  of  two  or  three  inches  within. 
In  these  circumstances  I have  seen  more  than  an 
ounce-measure  of  the  external  air  gain  admission 
in  less  than  one  minute.  This  must  have  been  oc- 
casioned by  the  mercury  never  being  in  perfect  con- 
tact with  glass  ; so  that  when  the  mercury  was  in  a 
state  of  undulation,  the  air  that  was  confined  be- 
tween it  and  the  glass  was  continually  protruded, 
and  more  air  from  the  atmosphere  was  forced  into 
its  place,  by  the  same  pressure  which  supported 
the  column  of  mercury  within  the  glass.  This 
effect  I prevented  by  having  a quantity  of  water 
upon  the  mercury  on  the  outside  of  the  vessel.  For 
this  would  be  in  perfect  contact  with  the  glass  ;'  and 
in  this  case  I never  found  either  air  or  water  to  get 
into  the  vessel  to  disturb  my  experiment.” 

From  these  few  facts  thus  briefly,  but  clearly, 
described,  the  whole  of  my  conclusions  with  regard 
to  the  barometer  might  have  been  deduced  with  as 
much  justness  as  from  the  more  extended  and  va- 
ried observations  upon  which  I have  hitherto  rested 
them.  If  mercury,  in  Dr.  Priestley’s  experiments, 
could  not  be  brought  in  perfect  contact  with  glass, 
neither  in  the  common  construction  of  a barometer 
can  it  so  be  brought.  And  as,  when  the  mercury 
in  his  jars  was  in  a state  of  undulation,  the  air  that 
was  confined  betv/eeii  the  two  was  continually  pro- 
truded ; so,  in  the  barometer,  will  it  ascend  by  the 
continual  oscillations  and  vibrations  to  which  it  is 
exposed.  • 
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Again — Dr.  Priestley  argued,  that  a fluid  which 
would  be  in  perfect  contact  with  the  glass  would 
effectually  interrupt  this  action ; and  he  accordingly 
found  that  when  he  put  a quantity  of  water  upon 
the  mercury,  on  the  outside  of  the  vessel,  neither 
air  nor  water  got  in  to  disturb  his  experiments.  It 
follows,  therefore,  that  if  perfect  contact  between 
the  mercury  and  any  complete  circle  of  the  baro-  . 
meter  tube  can  be  produced,  the  air  will  be  effec-  . 
tually  prevented  from  ascending  into  the  vacuum. 

I have  already  described  an  easy  method  of  pro- 
ducing this  contact. 

The  time  which  has  elapsed  since  my  first  pro- 
position and  application  of  the  guard  to  barometers 
enables  me  now  to  add  the  testimony  of  experi- 
ence to  its  sufficiency  and  permanency.  At  the  ex- 
piration of  nearly  three  years  from  its  adoption,  the 
first  instrument  to  which  it  was  applied  was  lately 
examined  and  opened  in  the  presence  of  several 
scientific  gentlemen.  The  mercurial  column  from 
top  to  bottom  was  found  perfectly  bright  and  free 
from  specks  or  air-bubbles,  and  the  platinum  ring 
as  sound  as  on  the  first  day  when  it  was  fixed  and 
thoroughly  wet  with  the  mercury.  Upon  wiping 
the  fluid  off,  the  platinum  exhibited  the  original 
marks  of  the  hammer  upon  it ; so  perfectly  free  was 
it  from  any  signs  of  corrosion  or  disintegration ! 
Thus  has  time  removed  the  only  remaining  doubt 
about  the  ultimate  solution  of  the  platinum  by  the 
mercury,  and  confirmed  the  conclusion  which  I ori- 
ginally drew  from  the  experiment  with  the  thin  pla- 
tinum foil. 
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ADDENDA  AND  NOTES. 


ON  THE  CONSTITUTION  OF  THE  ATMOSPHERE. 
Page  13. 

The  illustrative  tables  of  this  essay  were  not  intended  as  accu- 
rate representations  of  the  different  states  of  the  atmospheric 
columns,  but  mere  rough  approximations;  and  their  use  is  to 
assist  the  mind  in  following  the  train  of  reasoning  in  the  same 
way  that  rudely-sketched  diagrams  assist  the  mathematician  in 
solving  the  problems  of  Euclid.  The  principle  upon  which  they 
were  constructed  is  this:  I assumed  the  mean 'temperature  of 
the  latitude  for  which  I wished  to  calculate  the  atmospheric 
column  as  the  temperature  of  an  homogeneous  atmosphere ; and 
I thence  derived  the  pressures  at  different  altitudes  from  the  sur- 
face, and  from  them  again  the  regular  decrease  of  temperature  for 
the  density.  It  is  clear  that,  for  accurate  purposes,  both  the 
pressures  and  temperatures  so  obtained  require  correction,  and 
that  the  tables  include  an  error  which  should  be  divided  between 
the  two.'  The  labour  of  applying  these  corrections  would  have 
been  very  considerable ; and  the  tables  which,  even  in  their  pre- 
sent state,  cost  much  pains,  would  not  have  better  answered  the 
purposes  of  illustration. 


Page  96. 

It  has  been  objected  to  my  theory  of  the  fluctuations  of  the 
barometer,  “ that  it  rests  upon  the  sandy  foundation  of  assumed 
partial  changes  of  temperature  in  the  higher  regions  of  the  at- 
mosphere, of  the  existence  of  which  we  have  very  insufficient 
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evidence but  I certainly  conceive  that  no  meteorological  fact 
rests  upon  better  authority  than  these  variations — I appeal  to 
every  ascent  of  every  mountain,  and  to  every  aerostatic  voyage, 
during  which  the  thermometer  has  been  consulted  ; for  they  all 
appear  to  me  to  agree  in  the  same  result:  amongst  the  latter, 
more  particularly,  there  are  abundant  instances  in  which,  not 
only  the  temperature  of  the  atmosphere  has  not  followed  the 
progression  due  to  the  density,  but  warm  strata  have  been 
found  interposed  between  cold,  and  cold  between  warm.  The 
contemporaneous  registers,  moreover,  kept  at  the  summit  of  St. 
Bernard  and  at  Geneva,  and  which  are  published  every  month 
in  the  Bibliotheque  Universelle,  place  the  fact  beyond  dispute. 
The  difference  of  temperature  between  the  stations  is  perpetually 
varying ; and  although  the  changes  oscillate  round  the  point  of 
equilibrium,  the  general  law  of  the  decrease  for  the  altitude  is 
only  developed  from  a mean  of  many  observations. 

Page  102. 

Mr.  De  Buch,  in  his  remarks  upon  the  climate  of  the  Canary 
Islands,  observes  that  the  existence  of  a current  flowing  in  a 
contrary  direction  to  that  of  the  trade  winds,  was  nothing  but  a 
conjecture  till  of  late  years,  but  that  every  day  this  counter-current 
may  be  observed  in  the  Canaries.  The  Peak  of  Teneriffe  rises  into 
it  even  in  the  middle  of  summer.  There  is  scarcely  an  account 
of  a journey  to  the  summit  of  the  mountain  which  does  not  men- 
tion the  force  of  the  western  wind.  M.  de  Humboldt  ascended 
to  the  top  in  the  middle  of  June  ; and  when  he  had  arrived  at 
the  edge  of  the  crater,  the  wind  from  the  west  was  so  furious  that 
he  could  hardly  stand  upon  his  feet. — A7in.  de  Chimie,  t.  xxii. 

p.  288. 

For  a more  accurate  account  of  the  direction  of  the  trade 
winds,  see  Captain  Basil  Hall’s  essay  in  the  present  volume* 

Page\0^. 

The  currents  of  a heated  room  in  some  measure  exemplify  the 
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g'reat  currents  of  the  atmosphere.  If  the  door  be  opened,  the 
flame  of  a candle  held  to  the  upper  part  will  show  by  its  incli- 
nation a current  flowing  outwards:  but,  if  held  near  the  bottom, 
it  will  be  directed  inwards.  If  the  door  be  closed  suddenly 
from  without,  it  moves  with  the  in-coming  current  and  against 
the  out-going,  and  a condensation  of  air  takes  place  in  the  room , 
which  is  shown  by  the  rattling  of  the  windows,  and  the  bursting 
open  of  any  other  door  in  the  room,  if  slightly  closed.  If  the 
door  close  from  within,  it  moves  against  the  in-coming  current 
and  with  the  out-going,  and  a rarefaction  of  the  air  in  the  room 
takes  place,  which  is  evidenced  by  rattling  of  the  windows,  and 
the  bursting  open  of  another  door  in  the  contrary  direction. 

In  mines,  the  following  means  are  employed  to  produce  a cur- 
rent of  air.  In  an  adit  in  which  a stream  flows  there  is  placed, 
at  a small  elevation  on  the  latter,  a partition  of  boards:  below 
this  partition  the  air  follows  the  course  of  the  stream  ; above,  it 
takes  the  contrary  direction. 

Page  110. 

It  is  a singular  fact  that  the  same  kind  of  uncertain  squalls 
are  frequent  in  the  interval  between  the  two  trade  winds,  which 
is  called  the  Variables.  In  this  region  rain  is  common  and  very 
heavy;  and  Captain  Basil  Hall  has  informed  me  that  he  has 
frequently  observed  a ship,  at  a distance  of  five  or  six  miles, 
struck  by  a squall  which  was  some  hours  in  reaching  his  own 
vessel;  although,  when  it  arrived,  the  wind  blew  with  a velocity 
of  twenty  or  thirty  miles  per  hour,  and  in  the  direction  towards 
him. 


Page  118. 

I have  been  favoured  with  a most  interesting  illustration  of 
the  fact  that  the  vapour  of  the  atmosphere  is  arranged  in  beds 
of  equal  density,  by  Captain  Basil  Hall,  in  the  following  account 
of  his  ascent  of  the  Peak  of  Teneriffe ; — 
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' “ On  the  24th  of  August  we  left  Oratara  to  ascend  the  Peak. 
.The  day  was  the  worst  possible  for  our  purpose,  as  it  rained 
hard,  and  was  so  very  foggy  that  we  could  not  see  the  Peak,  or 
indeed  any  object  beyond  one  hundred  yards  distant. 

After  riding  slowly  up  a rugged  path  for  four  hours,  it  became 
extremely  cold,  and  as  the  rain  never  ceased  for  an  instant,  we 
were  by  this  time  drenched  to  the  skin,  and  looked  with  no  very 
agreeable  feelings  to  the  prospect  of  passing  the  night  in  wet 
clothes.  At  length  the  night  began  to  close  in,  and  the  guides 
talked  of  the  improbability  of  reaching  the  English  station  before 
night.  It  was  still  raining  hard  ; but  we  dismounted  and  took 
our  dinner  as  cheerfully  as  possible,  and  hoping  for  clearer  wea- 
ther next  day.  On  remounting,  we  soon  discovered  that  the  road 
was  no  longer  so  steep  as  it  had  been  heretofore,  and  the  surface 
was  comparatively  smooth ; we  discovered,  in  short,  that  we  had 
reached  a sort  of  table-land,  along  which  we  rode  with  ease. 
Presently  we  thought  the  fog  less  dense,  and  the  drops  of  rain 
not  so  large,  and  the  air  less  chilling.  In  about  half  an  hour 
we  got  an  occasional  glimpse  of  the  blue  sky  ; and  as  we  ascend- 
ed, for  our  road,  though  comparatively  level,  was  still  upon  the 
rise,  these  symptoms  became  more  manifest.  The  moon  was  at 
the  full,  and  her  light  now  became  distinct  and  we  could  see  the 
stars  in  the  zenith.  By  this  time  we  had  reached  what  is  called 
the  Llano  de  los  Rememos,  or  Retamos  Plain,  which  is  many 
thousand  feet  above  the  sea ; and  we  could  distinctly  see  that 
during  the  day  we  had  merely  been  in  a cloud,  above  which 
having  now  ascended,  the  upper  surface  lay  beneath  us  like  a 
country  covered  with  snow.  It  was  evident,  on  looking  round, 
that  no  rain  had  fallen  on  the  pumice  gravel  over  which-  we 
were  travelling.  The  mules  were  much  fatigued,  and  we  got  off 
to  walk.  In  a few  minutes  our  stockings  and  shoes  were  com- 
pletely dried,  and  in  less  than  half  an  hour  all  our  clothes  were 
thoroughly  dried.  The  air  was  sharp  and  clear,  like  that  of  a 
cold  frosty  morning  in  England,  and,  though  the  extreme  dry- 
ness, and  the  consequent  rapid  evaporation,  caused  considerable 
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cold,  we  were  enabled  by  quick  exercise  to  keep  ourselves  com- 
fortable. • I had  various  instruments  with  me,  but  no  regular  hy- 
grometer; accident,  however,  furnished  me  with  one  sufficiently 
indicative  of  the  dry  state  of  the  air.  My  gloves,  which  I kept 
on  while  mounted,  were  completely  soaked  with  the  rain ; and 
I took  them  off  during  this  walk,  and,  without  considering 
what  was  likely  to  happen,  rolled  them  up  and  carried  them  in 
my  hand.  When  at  the  end  of  an  hour,  or  somewhat  less,  we 
came  to  remount  our  mules,  I found  the  gloves  as  thoroughly 
dried  and  shrivelled  up  as  if  they  had  been  placed  in  an  oven, 
and  I could  not  manage  to  get  them  on  again. 

“ During  all  the  time  we  were  at  the  Peak  itself  on  the  26th, 
the  sky  was  clear,  the  air  quite  dry,  and  we  could  distinguish,  se- 
veral thousand  feet  below  us,  the  upper  and  level  surface  of  the 
stratum  of  clouds  through  which  we  had  passed  the  day  before, 
and  into  which  we  again  entered  on  going  down,  and  found  pre- 
cisely in  the  same  state  as  when  we  started.’* 


ON  THE  CONSTRUCTION  AND  USES  OF  A NEW 
HYGROMETER. 

Page  157. 

I HAVE  been  favoured  by  Mr.  Galbraith  of  Edinburgh  with 
the  following  Table  of  the  Elastic  Force  of  Aqueous  Vapour, 
calculated  from  the  experiments  of  Dr.  Ure,  by  the  formula 
which  Mr.  Ivory  has  lately  proposed : — 
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TABLE  of  the  Elastic  Force  of  Aqueous  Vapour,  calculated  by  Mr.  Gal- 
oraith,  from  the  Experiments  of  Dr.  Ure,  by  the  Formula  of  Mr.  Ivory. 


Temp. 

Force. 

Temp. 

Force. 

Temp. 

Force. 

Temp. 

Force. 

Fah. 

Inches  of 
Mercury. 

Fah. 

Inches  of 
Mercury. 

Fah. 

Inches  of 
Mercury. 

Fah. 

Inches  of 
Mercury. 

0° 

0.0511 

32° 

0.1857 

63 

0.5705 

94° 

1.5617 

1 

0 0533 

33 

0.1929 

64 

0.5904 

95 

1.6104 

2 

0.0556 

34 

0.2004 

65 

0.6109 

96 

1.6604 

3 

0.0580 

35 

0.2082 

66 

0.6320 

97 
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4 
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36 

0.2162 

67 

0.6537 

98 

1.7645 

5 

0.0631 

37 

0.2244 

68 

0.6761 

99 

1.8187 

6 

0.0658 

38 

0.2329 

69 

0.6993 

100 

1.8743 

7 

0.0686 

39 

0.2417 

70 

0.7231 
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1.9315 

8 

0.0715 

40 

0.2509 

71 

0.7477 

102 

1.9902 

9 

0.0745 

41 

0.2604 

72 

0.7730 

1 103 

2.0504 

10 

0.0776 

42 

0.2702 

73 
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104 
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11 
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43 

0.2804 

74 
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105^ 

2.1756 

12 

0.0843 

44 
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75 

0.8536 
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2.2408 

13 

0.0879 

45 

0.3017 

76 

0.8821 
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2.3076 

14 

0.0916 

46 
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77 

0.9114 
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15 
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47 

0.3244 

CO 

t'. 

0.9416 

109 

2.4466 

16 

0.0993 

48 

0.3363 

79 

0.9727 

! 110 
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17 

0.1033 

49 

0,3487 

80 

1.0047 
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18 
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50 

0.3615 

81 
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2.6689 

19 
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51 

0.3747- 

82 
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20 
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52 

0.3884 

83 
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21 
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53 
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84 
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2.9082 

22 
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54 
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85 
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2.9920 

23 

0.1309 

55 
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86 

1.2170 
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24 
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56 

0.4475 

87 
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25 

0.1417 

57 

0.4635 
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26 
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58 

0.4800 

89 

1.3374 
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3.3494 

27 

0.1531 

59 

0.4970 

90 

1.3799 
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3.4444 

28 

0.1591 

60 

0.5145 

91 

1.4235 

122 

3.5417 

29 

0.1654 

61 

0.5325 

92 
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123 
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30 

0.1720 

62 
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93 
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31 
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Page  201. 

In  the  course  of  a tour  which  I made  in  Germany  in  the  early 
part  of  the  year' 1825,  an  instrument  was  shown  to  me  by  some 
of  the  ingenious  artists  of  that  country,  which  was  intended  fora 
simplification  of  my  hygrometer.  It  consisted  of  a large-bulbed 
thermometer,  the  stem  of  which  was  bent  twice  at  a right  angle. 
On  the  top  of  the  bulb  a small  cup  was  formed,  in  which  a piece 
of  cotton  was  placed  and  moistened  with  ether ; by  the  evapora- 
tion of  which  the  mercury  was  cooled  till  dew  appeared  upon  the 
surface  of  the  glass.  It  was  supposed  that  the  temperature 
of  the  dew-point  would  be  indicated  at  the  moment  this  precipi- ' 
tation  took  place  by  the  scale  of  the  thermometer.  Experience 
soon  proved  that  this  indication  could  not  be  depended  upon, 
and  the  instrument  was  consequently  rejected.  I purchased 
one  of  these  hygrometers  at  Berlin,  and  another  was  presented 
to  me  by  the  Grand  Duke  of  Weimar,  and  both  are  now  in  my 
possession. 

Under  these  circumstances,  it  was  with  a considerable  degree 
of  astonishment  that  I read  in  the  second  part  of  the  Philosophic 
cal  Transactions  for  the  year  1826,  a description  of  this  same 
instrument,  under  the  title  of  an  Improved  Hygrometer  hy  Mr, 
Thomas  Jones.  Communicated  by  Captain  Henry  Kater^  F.R.S. 

The  sole  difference  between  Mr.  Jones’s  instrument  and  those 
which  I brought  from  Germany,  consists  in  a piece  of  muslin 
being  wrapped  round  the  lower  part  of  the  bulb  of  the  former; 
instead  of  the  piece  of  cotton  placed  upon  the  top  of  the  latter ; 
a variation  which,  although  sufficiently  insignificant,  is,  upon 
the  whole,  as  I shall  presently  show,  detrimental  to  the  intended 
observation.  Mr.  Jones,  indeed,  himself  hardly  asserts  that  his 
invention  is  new  ; for  he  says,  at  the  conclusion  of  his  paper,  “ I 
ought  also,  perhaps,  to  mention  that  an  instrument  somewhat 
similar  in  principle,  has  been  used  in  Vienna,  and  was  men- 
tioned by  Professor  Baumgarten,  of  that  capital,  to  a friend, 
who  communicated  the  fact  to  myself.”  The  instrument,  bow? 


ADDENDA  AND  NOTES. 


69g 


ever,  under  either  form,  is  utterly  incapable  of  answering  its 
intended  purpose. 

' This,’  I should  have  supposed,  would  have  been  so  extremely 
obvious  to  any  person  in  the  least  acquainted  with  the  time 
which  necessarily  must  elapse  before  a thermometer,  containing 
a large  quantity  of  mercury,  will  mark  the  temperature  of  a fluid 
in  which  it  is  even  wholly  immersed,  that  I could  only  have 
been  induced  to  have  expended  any  words  in  pointing  it  out  by 
the  magnitude  of  the  authority  by  which  it  has  been  brought 
forward. 

In  the  first  place,  the.  thermometer,  being  graduated  by  the 
total  immersion  of  its  bulb  into  a fluid  of  known  temperature, 
cannot  for  a moment  be  supposed  to  indicate  the  temperature  of 
an  evaporating  fluid,  into  which  it  is  afterwards  only  half  im- 
mersed? Or,  one  half  of  the  inch-long  bulb  being  cooled  by  eva- 
porating ether,  and  the  other  half  being  exposed  to  the  tempe- 
rature of  the  surrounding  air,  by  what  process  of  induction  can 
it  be  established  that  the  temperature  denoted  by  its  scale  is  that 
of  one-half  of  its  surface  only  ? 

• In  the  -second  place,  mercury,  being  a fluid,  is  an  extremely 
bad  conductor  of  heat,  and  when  heat  is  applied  to  any  mass  of 
it  unequally,  an  equal  distribution  is  only  brought  about  by  a 
circulation  of  its  different  parts.  This  circulation  will  be  more 
or  less  rapid,  according  as  the  differently  heated  portions  are 
more  or  less  favourably  arranged  for  the  operation.  Thus,  in 
the  original  German  contrivance,  the  cooling  power  being 
placed  above,  the  circulation  will  be  more  quick  than  in  that  of 
Mr.  J ones,  where  the  refrigerating  ether  is  applied  below.  In 
the  former  case,  the  heavy  cold  particles  will  rapidly  fall  and 
give  place  to  the  lighter  warm  particles ; while,  in  the  latter, 
the  cold  particles  being  below,  will  but  slowly  be  driven  from 
their  station  by  the  lighter  warm  particles  above.  Mr.  Jones, 
moreover,  contracts  the  diameter  of  his  bulb  below,  and  thus 
creates  another  obstacle  to  the  interchange  of  particles,  upon 
which  so  much  depends. 
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In  the  third  place,  an  equal  distribution  of  temperature  must 
take  place  in  very  unequal  times,  according  as  the  partial  cool- 
ing influence  is  more  or  less  rapid  in  its  effects;  and  as  the 
evaporation  of  the  ether  will  vary  with  every  breath  of  wind, 
the  result  must  always  be  uncertain.  That  these  very  simple 
propositions  were  not  wholly  unknown  to  Mr.  Jones,  appears 
from  the  following  observation  extracted  from  his  paper : — 
“ Should  it  be  objected  against  the  principle  of  the  instru- 
ment here  proposed,  that  the  indications  do  not  exhibit  the  true 
temperature  of  the  upper  surface  of  the  bulb  on  which  the  de- 
position of  dew  takes  place,  but  that  of  the  lower  part  to  which 
the  ether  is  applied;  it  may  be  answered,  that  by  inclining  the 
whole  instrument,  so  as  to  render  the  axis  of  the. bulb  horizontal, 
and  establish  thereby  a free  circulation  of  the  mercury  in  every 
part,  this  objection  may  be  obviated.”  To  this  it  may  be  re- 
plied, that  the  indications  do  not  exhibit  the  true  temperature  of 
either  the  upper  surface  on  which  the  deposition  of  dew  takes 
place,  or  of  that  of  the  lower  part  to  which  the  ether  is  applied, 
but  a perpetually  varying  combination  of  both ; and  with  regard 
to  inclining  the  axis  of  the  instrument,  it  does  not  at  all  appear 
how  this  can  establish  a free  circulation  in  every  part;  and  in- 
deed, Mr.  Jones  goes  on  to  observe  with  perfect  sincerity,  “ but 
on  repeated  trials  I have  not  found  this  to  produce  any  diffe- 
rence in  the  results.” 

I shall  not  now  stop  to  inquire  whether  a stream  of  the  va- 
pour of  ether  rising  so  immediately  under  the  condensing  surface 
of  the  glass,  and  issuing  with  some  force  into  the  very  portion 
of  the  atmosphere  whose  dew-point  it  is  proposed  to  ascertain, 
may  not  interfere  with  the  result,  although  I think  that  it  would 
not  be  difficult  to  show  that  such  interference  must  follow ; but 
I shall  detail  the  particulars  of  an  experiment  which  will,  pro- 
bably, work  conviction  upon  those  who  have  overlooked  the 
preceding  arguments. 

I caused  a glass  bulb  to  be  made  of  the  exact  form  and-  di- 
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mensions  of  that  of  Mr.  Jones’s  hygrometer,  and  having  inserted 
one  of  the  very  delicate  thermometers  used  by  Mr.  Newman  in 
the  construction  of  my  hygrometers  into  the  upper  part,  and 
another  into  the  lower,  I filled  it  with  mercury  i I then  covered 
one-half  with  muslin,  by  wetting  which  with  ether  I readily  pro- 
duced a difference  of  16°  or  17°  between  the  two  small  thermo- 
meters ! This  difference  was  never  constant,  but  varied  with 
every  inclination  of  the  bulb,  and  every  variation  of  the  cooling 
process.  After  this,  it  is  scarcely  necessary  to  say  that  I have 
inquired  of  those  who,  with  much  perseverance,  have  endeavoured 
to  make  observations  with  Mr.  Jones’s  hygrometer,  and  that 
they  report  that  its  indications  are  inconsistent  and  not  to  be 
depended  upon. 


Page  204, 

The  previous  account  of  the  applications  of  the  Hygrometer 
would,  I consider,  be  incomplete  were  I to  omit  to  subjoin  the 
details  of  the  observations  made  with  it  during  Captain  Parry’s 
third  voyage  to  the  arctic  regions.  The  few  opportunities  which 
will,  probably,  ever  occur  of  repeating  such  observations  under 
circumstances  of  so  much  interest  render  them  particularly  valu- 
able, and  they  admirably  illustrate  the  powers  of  the  instrument 
in  one  extreme  of  climate.  The  performance  of  the  experiments 
was  rendered  particularly  difficult  by  the  negligence  of  the 
instrument-maker  who  provided  the  supply  of  ether  for  the  voy- 
age. This  was  of  such  very  bad  quality  as  scarcely  to  produce 
a depression  of  two  or  three  degrees  in  the  instrument.  I have 
heard  similar  complaints  from  two  other  quarters  of  the  same 
instrument-maker,  who  is  nevertheless  greatly  distinguished  for 
ingenuity  and  ability ; and  in  one  case  a most  valuable  series  of 
observations  has  been  lost  by  his  carelessness.  On  the  present 
occasion  the  deficiency  was  ingeniously  but  laboriously  supplied 
by  a mixture  of  snow  and  salt  or  muriate  of  lime. 
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“ jy.  M.  S.  Hecla,  at  Port  Bowen; 

December  1824. 

“ Two  experiments  to  ascertain  if  any  moisture  existed  in  the 
atmosphere  were  made  in  the  course  of  this  month  with  Mr. 
Daniell’s  hygrometer;  but  none  could  be  detected.  On  the 
21st,  the  wind  being  light  from  the  northward,  with  a perfectly 
clear  sky,  the  instrument  was  exposed  till  both  thermometers  in- 
dicated the  temperature  of  the  atmosphere,  which  was— 30°;  and 
the  freezing  mixture  (muriate  of  lime  and  snow)  being  then  ap- 
plied to  the  covered  ball,  the  ether  soon  became  frozen,  and  the 
thermometer  immersed  in  it  indicated— 46°,  without  the  slightest 
appearance  of  deposit.  Mr.  Foster  repeated  this  experiment 
on  the  25th,  with  very  similar  results,  the  temperature  of  the 
atmosphere  being  then— 25°. 5 with  calm  and  clear  weather. 

“ January  1825. — Mr.  Darnell’ s hygrometer  was  twice  tried 
during  this  month  : on  the  3d,  the  temperature  being— 30°,  and 
the  instrument  subjected  to  the  same  process  as  before,  the  ether 
froze  without  producing  any  deposit.  The  wind  at  this  time  was 
light  from  the  eastward ; the  sky  perfectly  clear,  except  to  the 
westward,  when  a dense  haze  indicated  the  vapour  arising  from 
open  water  in  that  direction. 

“On  the  24th,  the  temperature  of  the  atmosphere  was  — 35°, 
the  sky  clear,  with  the  exception  of  a few  thin  clouds  near  the  hori- 
zon to  the  eastward,  and  the  wind  light  from  the  north, — the 
experiment  was  repeated,  and  when  the  ether  became  frozen,  the 
thermometer  indicated  — 50°,  without  the  slightest  appearance 
of  deposit  on  the  coloured  ball. 

“ February  1825. — The  hygrometer  twice  tried  at  the  tempe- 
rature of  — 39°  and  — 28°. 5,  and  the  ether  frO^e  without  any 
visible  deposit. 

“ April  1825. — Twice  in  this  month  Mr.  Foster  succeeded  in 
obtaining  a deposit  on  the  coloured  ball  of  Mr.  Daniell’s  hygro- 
meter. On  the  21st,  the  temperature  of  the  atmosphere  being 
+ 15°,  the  sky  partially  clear,  with  large  well-defined  clouds  to 
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the  westward,  a broad  white  belt  of  frozen  vapour  appeared  on 
the  instrument,  coincident  with  the  surface  of  the  ether,  on  the 
temperature  being  reduced  to  — 4°.  On  the  25th,  the  tempera- 
ture of  the  atmosphere  being  + 6°,  and  the  sky  densely  overcast, 
a similar  deposit  took  place  on  the  coloured  ball  on  the  ether 
being  reduced  to  the  temperature  of  — 1°.5. 

“ Mr.  Danielfs  hygrometer  was  tried  on  several  occasions,  in 
different  parts  of  the  ship.  The  following  examples  will  show 
how  great  a degree  of  dryness  was  maintained  below  * ; 


Temp,  of 
external  air. 


-22 


January  9.  11^  30*"  a.m. 

Iowmp’.cL  BewPomt.  , Remarks. 

-i-67.5  +53.5  ' All  the  people  had  been 

on  the  lower  deck  for 
an  hour  and  a half  pre- 
viously, but  were  off 
the  deck  at  the  time. 


April,  llh30»>. 


External  air. 

— 20  I Captain  s cabin  +64 
Gun-room  . +64.2 
Middle  of  lower 

deck  . . +63.5 

11th,  9.30  p.M.  ditto,  +66 


D.  Point.  Remarks. 


+ 48 
+ 50 

+ 55 
+ 55 


A few  people  below, 
the  copper  boiling^ 
and  meat  taking 
out. 

The  ship’s  company 
in  bed. 


* Parry’s  Third  Voyage,  p.  46. 
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ON  THE  RADIATION  OF  HEAT  IN  THE  ATMOS- 
PHERE. 

Page  226. 

My  observations  upon  this  subject  have  been  misrepresented* 
— perhaps  misunderstood.  I cannot  forget  that  the  objector  is 
one  of  the  first  philosophers  of  the  nge ; but  in  attempting  to 
meet  his  arguments,  I shall  endeavour  to  forget  the  spirit  in 
which  they  have  been  conveyed. 

By  fixing  upon  one  expression  in  my  paper,  it  has  been  made 
to  appear,  that  I have  advanced  certain  most  untenable  conclu- 
sions with  confidence  and  presumption.  I trust,  however,  that  I 
have  taken  more  than  ordinary  pains  to  guard  against  any  such 
imputation,  I have  expressly  stated,  that  I was  sensible  that 
“ my  observations  were  in  a very  imperfect  state ; and  that  I 
only  ventured  to  bring  them  forward  in  the  hope  of  exciting 
some  attention  to  a subject  which  appeared  to  me  to  be  well 
worthy  of  elucidation,  and  to  suggest  some  experiments,  which, 
to  render  them  beneficial,  require  much  perseverance  and  ex- 
tensive co-operation.’’  To  those  who  have  done  me  the  honour 
to  read  the  previous  essay,  I may  confidently  appeal  whether  I 
have'  not,  throughout,  maintained  that  tone  of  diffidence  which 
the  sense  of  incompleteness  required. 

From  eighteen  months’  observations  of  my  own,  in  this  country, 
compared  with  twelve  months’  observations  of  Captain  Sabine, 
at  different  intervals,  and  at  different  places,  between  the  tropics, 
I thought  I saw  reason  to  conclude  that  the  force  of  radiation 
from  the  sun  was  greater  in  the  former  than  in  the  latter  situa- 
tion. I was  aware  (and  I have  so  expressed  myself)  that  the 
instruments  made  use  of  were  not  sufficient  to  determine  the 


* Annales  de  Chimie  et  de  Phisique,  tom.  xxvi.  p.  29, 
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question  with  any  degree  of  nicety;  but  I thought  that  the 
irregularities  to  which  they  were  subject  would  be  in  some 
measure  counterbalanced  by  the  number  of  the  observations.  It 
was  from  the  entire  number  of  observations  in  this  country 
compared  with  the  entire  number  between  the  tropics,  that  I 
conceived  myself  entitled  to  argue.  My  argument  is  this:  Cap- 
tain Sabine  undertook  at  my  suggestion  to  measure  the  force 
of  solar  radiation  between  the  tropics,  by  observing  its  effects 
upon  a thermometer  prepared  to  receive  its  greatest  impression, 
placed  in  the  most  unexceptionable  manner  that  circumstances 
would  allow,  and  by  comparing  them  with  another  screened  from 
its  influence,  marking  as  nearly  as  possible  the  mean  tempera- 
ture of  the  air.  To  accomplish  this  object,  he  selected  his  op- 
portunities at  different  stations  : but  only  once,  at  Bahia,  did 
he  obtain  a result  which  even  equalled  the  mean  power  of  the 
sun  for  two  years,  in  this  country,  in  the  month  of  June;  all  the 
cloudy  days  being  included  in  the  average;  and  which  fell 
short,  by  one-third,  of  the  maximum  effect  which  often  occurred 
in  clear  weather,  measured  by  the  same  means.  It  has  been 
objected  that  the  thermometers  were  not  always  placed  at  equal 
distances  from  the  ground  and  from  the  vegetation  on  it,  and 
that  they  were  not  equally  secured  from  currents  of  air,  &c.  &c. ; 
but  it  must  be  admitted  that  there  is  ample  room  for  allowances 
of  this  kind,  and  yet  to  save  the  conclusion,  which  is  only  gene- 
ral, that  the  power  of  solar  radiation  is  less  between  the  tropics 
than  in  higher  latitudes.  These  results  were  moreover  confirmed 
by  others  obtained  with  instruments  of  more  delicate  construc- 
tion ; in  which  the  thermometers  were  placed  in  vacuo,  one 
being  armed  with  a case  of  polished  silver  to  repel  the  rays, 
and  the  other  with  a blackened  surface  to  absorb  them.  I 
repeat,  that  if  Captain  Sabine  but  once  succeeded,  at  any  one 
stdtion  between  the  tropics,  in  obtaining  the  full  impression  of 
the  sun  upon  a blackened  thermometer,  or  even  approached 
the  full  impression  within  one-third,  that  there  is  ground  for  the 
hypothesis. 
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Let  us  now  turn  to  the  unpremeditated  observations  of  those 
who,  having  no  object  in  view,  and  being  unprepared  with  even 
the  rough  apparatus  which  has  been  described,  had  their  atten- 
tion called  to  the  prodigious  power  of  the  sun’s  rays  in  high 
northern  latitudes.  The  bulb  of  the  instruments  in  these 
instances  was  not  covered  with  black  wool,  or  even  blackened 
superficially;  but  then  it  has  been  objected,  “ Qui  ne  sait  combien 
la  force  reflechissante  de  laneige  est  considerable  ? II  aurait  fallu 
faire,  par  le  calcul  ou  par  I’experience,  la  part  de  cette  reflexion, 
avant  de  comparer  les  observations  de  Londres  avec  celles  du 
Capitaine  Parry.”  Let  the  calculation  of  the  effects  of  this  re- 
flection on  one  side,  and  of  the  blackened  bulb  on  the  other,  be 
fairly  made,  and  I do  not  think  that  my  reasoning  will  be 
shaken  by  the  result. 

To  assist  in  forming  a right  conclusion  upon  the  subject,  let 
the  following  additional  fact,  extracted  from  Captain  Lyon’s  in- 
teresting Journal,  be  taken  into  consideration ; the  place  of  ob- 
servation and  the  date  are,  Igloolik,  16th  February: — “I  ob- 
served, even  while  the  temperature  in  the  shade  was  35°  below 
zero,  that  fine  powder  of  snow  melted  under  the  influence  of  the 
sun  when  sprinkled  bn  a stick  covered  with  soot;  thus  making 
a difference  of  temperature  existing  at  the  same  time  as  great 
as  67°  and  upwards.”— Li/ow’s  Journal,  p.  389. 

Here  the  coating  of  soot  renders  the  experiment  very  closely 
comparable  with  a thermometer  covered  with  black  wool,  with 
which  the  utmost  effect  I ever  obtained  in  the  month  of  Feb- 
ruary, in  this  country,  was  36°.  The  difference,  therefore^  of 
the  power  of  the  sun  in  the  two  situations  was  31° ; from  which 
let  any  reasonable  deduction  be ’made  for  reflection,  and  the  re- 
mainder will  be  amply  sufficient  to  support  my  conclusion. 

The  confirmation  of  my  argument,  upon  which  I place  the 
greatest  reliance,  is  that  of  M.  de  Humboldt,  who  “ often  endea- 
voured to  measure  the  power  of  the  sun  between  the  tropics,  by 
two  thermometers  of  mercury  perfectly  equal,  on«  of  which  re- 
mained exposed  to*  the  sun,  while  the  other  was  placed  in  the 
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shade. ' The  difference  resulting  from  the  absorption  of  the  rays 
in  the  ball  of  the  instrument  never  exceeded  3°.7  (6°. 6 Fahr.)  ; 
sometimes  it  did  not  even  rise  higher  than  one  or  two  degrees.” 

Captain  Sabine  tried  the  very  same  experiment  with  a naked 
thermometer  at  Jamaica,  and  obtained  the  same  result;  namely, 
3.1  centigrade  degrees  between  the  sun  and  the  shade. 

Will  it  be  said,  that  we  have  no  analogous  experiments  in 
these  northern  latitudes  to  compare  with  those  of  the  imcoated 
thermometers  ? I refer  to  the  Ephemerides  of  the  Meteorolo- 
gical Society  of  the  Palatinate,  published  in  1783  and  following 
years ; in  which  will  be  found  a register  of  the  power  of  the  sun 
at  Mannheim,  measured  by  equal  and  catefully-adjusted  thermo- 
meters, with  naked  bulbs,  nearly  every  day  in  the  year  for  se- 
veral years.  It  will  there  be  seen  that  a difference  of  from  5 to 
7 octogesimal  degrees  (6.3  to  8.7  centig.)  is  often  recorded. 

I will  take  the  opportunity  of  introducing  another  argument 
in  favour  of  my  hypothesis,  derived  from  a very  different  source, 
which  I have  lately  met  with,  and  which  has  afforded  me  much 
satisfaction.  Mr.  Andrew  Knight,  the  President  of  the  Horti- 
cultural Society,  well  known  for  his  admirable  and  practical  re- 
marks upon  the  physiology  of  the  vegetable  kingdom,  has  ob- 
served that  pine-apples,  ripened  in  the  house  during  the  winter, 
have  proved  of  great  excellence.  He  suggests  that  this  fruit 
will  ripen  better  early  in  the  spring  than  in  the  summer  months  : 
“ for,”  he  says,  “ this  species  of  plant,  though  extremely  patient 
of  a high  temperature,  is  not  by  any  means  so  patient  of  the 
action  of  very  continued  bright  light  as  many  other  plants,  and 
much  less  so  than  the  fig  and  orange  tree : possibly,  having  been 
formed  by  nature  for  intertropical  climates,  its  powers  of  life 
may  become  fatigued  and  exhausted  by  the  length  of  a bright 
English  summer  s day  in  high  temperature.’’ — Hort.  Trans, 
vol.  iv,  p.  548. 

But  to  conclude  the  whole,  I must  again  refer  to  the  last 
part  which  has  appeared,  of  that  admirable  work  to  which  I 
have  so  often  been  indebted, — the  Personal  Narrative  of  tha 
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Baron  de  Humboldt,  from  which  I have  made  the  following  ex- 
tract. Taken  by  itself,  it  almost  proves  the  general  proposition 
for  which  alone  I have  ever  contended. 

“ The  thermometer  was  placed  in  the  shade,  in  an  airy  spot, 
far  from  the  reflection  of  the  soil,  at  the  Faubourg  of  the  Guay- 
queries  Indians.  Cumana  being  regarded  as  one  of  the  hottest, 
dryest,  and  healthiest  places  of  the  low  regions  of  equinoctial 
America,  it  is  important  to  make  known  these  partial  observa- 
tions. I take  them  by  chance  out  of  1600  I possess.  They  will 
serve,  above  all,  to  certify  that  the  climate  of  the  tropics  is  much 
more  characterized  by  the  duration  of  the  heat,  than  by  its  in- 
tensity, that  is,  by  the  maxima  of  temperature  which  the  ther- 
mometer attains  on  certain  days.  I never  saw  that  instrument 
at  Cumana  below  20°.8,  nor  above  32°.8  cent.;  and  I found  on 
the  registers  of  M.  Orta,  whose  thermometers  were  compared 
by  mine  with  those  of  the  observatory  at  Paris,  that  at  Vera 
Cruz  the  maximum  of  heat  in  thirteen  years  had  only  three 
times  attained  32°  cent.,  and  once  35°.7  ; while  we  have  seen  the 
centesimal  thermometer  at  Paris  at  38°.  4*.’* 

* Humboldt’s  Personal  Narrative,  translated  by  H.  M.  Williams,  vol.  vi. 
part  ii.  p.  779. 
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ON  THE  HORARY  OSCILLATIONS  OF  THE 
BAROMETER. 

Page  262, 

Since  the  preceding  hasty  and  imperfect  sketch  of  the  horary 
fluctuations  of  the  barometer  was  written,  Baron  de  Humboldt, 
with  his  characteristic  zeal  for  the  promotion  of  science,  has 
presented  to  the  public  a connected  view  of  the  observations 
made  to  verify  the  progress  of  this  interesting  phenomenon,  from 
the  level  of  the  sea  to  the  ridge  of  the  Cordillera  of  the  Andes, 
None  but  those  who  have  examined  this  very  interesting  memoir 
can  have  an  idea  of  the  immense  labour  of  such  a work ; and 
science  is  indeed  greatly  indebted  to  him,  who  not  only  made  so 
valuable  a compilation,  but  himself  contributed  so  large  a por- 
tion of  the  most  accurate  and  important  observations.  Those 
who  are  at  all  interested  in  this  subject  will,  of  course,  deeply 
study  this  work,  where  they  will  not  only  find  all  the  known 
facts  connected  with  it,  but  a candid,  historical  account  of  the 
progress  of  the  investigation. 

I have  extracted  from  this  work  the  following  Table,  which 
contains  the  result  of  the  observations  made  between  the  paral- 
lels of  latitude  25°  S.  and  55°  N.,  from  the  level  of  the  ocean 
to  the  elevation  of  1400  toises. 


RESULT  OF  THE  OBSERVATIONS  OF  THE  HORARY  VARIATIONS  MADE  BETWEEN  THE  PARALLELS  OF  LATITUDE  25°  SOUTH 
AND  55°  NORTH,  FROM  THE  LEVEL  OF  THE  OCEAN  TO  THE  ELEVATION  OP  1400  TOISES. 
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. The  astonishing*  regularity  in  the  periods  of  this  oscillation 
over  so  large  a portion  of  the  surface  of  the  globe,  and  its  gra- 
dual decrease  as  we  proceed  from  the  equator  to  high  latitudes, 
are  thus  ascertained  in  the  most  unexceptionable  manner. 

With  regard  to  the  hypothesis,  which  I have  ventured  in  the 
preceding  pages  to  propose,  for  the  explanation  of  these  fluctua- 
tions of  the  atmospheric  ocean,  M.  de  Humboldt  observes : — 
“ M.  Daniell  a cru  reconnoitre  dans  des  observations  faites 
pendant  les  derniers  voyages  aux  regions  polaires,  surtout  a 
rile  de  Melville,  et  aux  Montagues  Rocheuses,  que  le  barometre 
monte  par  les  74°  de  latitude,  lorsqu’il  baisse  par  les  41°.  Ce 
savant  physicien  paroit  attribuer  ce  phenomene  a des  courans 
-atmospheriques  dont  Texistence  n’est  pas  facile  h constater.” 

No  one  can  wonder  less  than  myself  at  this  hesitation  to 
admit  an  explanation  which,  while  I indicated  an  unerring  test 
of  its  correctness,  I have  constantly  referred  to  future  observa- 
tions for  confirmation.  I shall  now  proceed  to  show  that  such 
further  experience  has  fully  justified  my  reasoning,  and  to  offer 
such  additional  arguments  and  illustrations  as  maturer  consi- 
deration enables  me  to  propose. 

Upon  the  return  of  Capt.  Parry’s  second  expedition  from  the 
northern  coast  of  America,  I was  extremely  anxious  again  to 
bring  my  hypothesis  to  the  test  of  experience,  and  for  this  purpose 
was  favoured,  upon  application,  with  the  loan  of  Captain  Lyon’s 
Meteorological  Journal.  This,  as  well  as  all  other  nautical 
registers  which  I have  had  an  opportunity  of  examining,  has 
been  kept  with  the  utmost  precision  and  neatness;  and  it  is 
highly  gratifying  to  find  so  much  attention  to  the  interests  of 
science  amongst  our  naval  officers,  who  have  such  opportunities 
of  enlarging  our  acquaintance  with  the  different  climates  of  the 
globe.  The  periods  of  the  day  were  almost  as  favourable  as 
possible  to  the  comparison,  but  the  latitudes  were  not  as  far 
removed  as  that  of  Melville  Island  from  the  influence  of  varia- 
tions of  daily  temperature.  The  following  table  presents  the 
monthly  means  of  the  observations  for  two  years,  during  which 
the  Hecla  was  confined  between  the  latitudes  66°  and  70°, 
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TABLE — Showing  the  Mean  Heights  of  the  Barometer  and  Thermometer 
at  four  different  Hours  of  the  Hay  on  board  H.  M.  S.  Hecla,  between 
the  Latitudes  66  and  70. 


Date. 

A.  M.  4. 

A.  M.  8. 

P.  M.  4. 

P.M  8. 

1821.  . 

BAR. 

THER. 

BAR. 

EAR. 

THER. 

BAR. 

August  . . 

29.835 

33.5 

29.846 

29.848 

39.9 

29.825 

September  . 

29.958 

29.8 

29.974 

29.973 

34.3 

29.977 

October  . . 

29.881 

8.9 

29.876 

29.889 

17.6 

29.898 

November  . 

30.166 

2.7 

30.156 

30.165 

12.6 

30.159 

December  . 

29.904 

—19.2 

29.898 

29.914 

-11.5 

29.918 

1822, 

January  . . 

29.921 

-26.9 

29.924 

29.933 

-20 

29.952 

February.  . 

29.762 

-27.5 

29.746 

29.753 

-18.5 

29.761 

IMarch  . . . 

29.849 

-17 

29.854 

29.864 

- 3.8 

29.852 

April  . . . 

29.895 

- 0.2 

29.893 

29.907 

+ 13.9 

29.918 

hlay  .... 

29.985 

+ 13.5 

29.957 

29.973 

+31.5 

29.978 

I June .... 

29.886 

26.9 

29.877 

29.897 

38.2 

29.868 

July  .... 

29.682 

32.7 

29.693 

29.694 

40.6 

29.702 

August  . . 

29.643 

31.5 

29.636 

29.661 

36.5 

29.667 

September . 

29.883 

22.2 

29.883 

29.895 

28.3 

29.894 

October  . . 

29.967 

10.7 

29.981 

29.981 

18.1 

29.985 

November  . 

29.875 

-22.6 

29.876 

29.884 

-13.4 

' 29.882 

December  , 

29.756 

-32.5- 

29.739 

29.741 

-25.4 

29.726 

1823. 

January  . . 

29.877 

-20.2 

29.902 

29.898 

-10.6 

29.893 

February  . 

29.904 

-24.9 

29.906 

29.905 

-13.4 

29.907 

IMarch  . . . 

30.050 

-24.1 

30.055 

30.050 

-12 

30.061 

April  . , . 

29.957 

- 9. 

29.955 

29.957 

+ 7.5 

29.954 

May  .... 

29.929 

+ 16.9 

29.916 

29.920 

.33.3 

29.921 

June.  . . . 

29.922 

23.4 

29.910 

29.909 

41.2 

29.909 

July  .... 

29  507 

33.2 

29.499 

29.509 

43.8 

29.508 

Mean  . . . 

Difference 

29.874 

- .005 

29.872 

-.002 

29.880 

+ .008 

29.879 

-.001 
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It  appears  from  this  table  that  the  rise  in  the  mercurial  column 
from  8 A.  M.  to  4 p.  m.  was  nearly  constant ; and  upon  further 
examination  it  will  be  found  that  in  the  only  two  exceptions  of 
any  amount,  namely,  the  months  of  January  and  March  1823, 
some  unusual  influence  prevailed  in  the  atmosphere.  The  first 
was  distinguished  by  an  unusually  high  mean  temperature,  and 
frequent  storms  of  wind.  Captain  Parry  remarks  in  his  Jour- 
nal, “ from  the  morning  of  the  24th  till  midnight  on  the  26th, 
the  mercury  in  the  barometer  was  never  below  30.32  inches, 
and  at  noon  on  the  latter  day  had  reached  30.52  inches,  which 
was  the  highest  we  had  yet  observed  it  in  the  course  of  this 
voyage.  This  unusual  indication  of  the  barometer'was  followed 
by  hard  gales  on  the  27th  and  28th,  first  from  the  south-west, 
and  afterwards  from  the  north-west,  the  mercury  falling  from 
30.51  inches  at  8 p.m.  on  the  26th,  to  30.25,  about  5 p.m.  on 
the  27th,  or  about  0.26  of  an  inch  in  nine  hours  before  the 
breeze  came  on.  At  midnight  on  the  27th,  it  had  reached 
29.30 ; and  on  the  following  night  29.05,  which  was  its  mini- 
mum indication  during  the  gale.  These  high  winds  were 
accompanied  by  a rise  in  the  thermometer  very  unusual  at  this 
season  of  the  year,  the  temperature  continuing  above  0°  for 
several  hours,  and  very  near  this  point  of  the  scale  for  the  whole 
two  days. 

The  month  of  March,  on  the  contrary,  was  as  much  below 
the  mean  temperature,  as  January  was  above  it ; and  the  obser- 
vation renders  it  probable  that  the  usual  course  of  the  season 
was  modified  by  some  extraneous  cause. 

I am  aware  that  it  may  be  objected,  that  these  observations 
were  not  made  with  all  the  precision  that  the  accurate  determi- 
nation of  such  small  quantities  requires,  and  particularly  that 
the  heights  of  the  barometer  were  not  corrected  for  the  varia- 
tions of  temperature.  The  objection,  to  some  extent,  is  cer- 
tainly valid,  and  it  is  much  to  be  lamented  that  the  advantages 
of  the  utmost  attainable  degree  of  precision  in  these  observa- 
tions had  not  been  duly  appreciated  : but  when  it  is  recollected 
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that  the  instrument  made  iise  of  was  placed  in  the  cabin  of  the 
ship,  where  considerable  pains  were  taken  to  maintain  an  equal 
temperature,  it  will  be  found  that  less  importance  attaches  to 
the  omission  in  this  particular  instance  than  might  at  first  be 
supposed.  In  this  voyage,  more  especially,  the  precautions 
which  were  adopted  to  secure  this  important  end  were  eminently 
successful.  It  appears,  for  instance,  by  Captain  Parry’s  register, 
that  in  the  months  of  October  and  November,  the  mean  tem- 
perature of  the  external  air  varied  32°,  while  that  of  the  air  of 
the  lower  deck  only  varied  5°  ; so  that  the  changes  in  the 
course  of  the  twenty-four  hours  could  have  been  scarcely  appre- 
ciable. 

The  return,  however,  of  Captain  Parry’s  last  expedition 
has  left  nothing  to  be  desired  in  the  way  of  accuracy.  The 
instruments  which  were  provided  upon  this  occasion  were  of 
the  first  excellence;  and  the  barometers  were  independently 
graduated  and  compared  with  one  another,  as  • well  as  with  the 
standard  of  the  Royal  Society.  The  proper  corrections  were 
applied  as  the  observations  were  made ; and  the  meteorological 
journal,  kept  by  Lieut.  Foster,  is  a complete  model  of  all  that 
is  desirable  in  such  a register.*  As  opportunities  will  not  pro- 
bably soon  again  occur  for  making  similar  observations  in  such 
high  latitudes,  it  is  well  that  it  should  be  known  that  this  series, 
and  this  alone,  is  to  be  depended  upon  for  accurate  purposes  ; 
and  they  will,  doubtless,  hereafter  furnish  important  data  in 
resolving  the  question  of  the  mean  height  of  the  barometer  at 
the  level  of  the  sea,  in  different  latitudes  ; which  the  carelessness 
of  observers  and  instrument-makers  does  not  yet  permit  to  be 
determined  in  more  accessible  regions. 

While  upon  this  subject,  it  may  be  as  well  to  mention,  that 
the  thermometric  observations  are  entitled  to  equal  confidence. 
The  thermometers,  at  the  lowest  temperatures,  agreed  within 
three  degrees  with  one  another,  while,  upon  former  occasions, 
there  was  a difference  of  many  degrees. 

At  my  particular  request,  the  register  of  the  barometer  was 
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kept  in  such  a way  as  to  elicit  most  advantageously  the  pheno- 
mena of  the  horary  oscillations.  The  following  observations 
and  tables  of  results  are  extracted  from  Captain  Parry’s  inter- 
esting Journal : — “ The  most  rigid  attention  to  the  observation 
and  correction  of  the  column  during  several  months,  discovered 
an  oscillation  amounting  only  to  ten  thousandth  parts  of  an 
inch ; the  times  of  the  maximum  and  minimum  altitude  appear, 
however,  decidedly  to  lean  to  four  and  ten  o’clock,  and  to  fol- 
low a law  directly  the  reverse,  as  to  time,  of  that  found  to 
obtain  in  temperate  climates,  the  column  being  highest  at  four^ 
and  lowest  at  ten  o'clock,  both  a.  m.  and  p.  m.  The  whole  of 
the  observations,  being  comprised  in  the  ‘ Meteorological  Ab- 
stracts,’ with  the  general  results  stated  at  the  bottom  of  each, 
can  be  consulted  with  great  convenience ; and  the  following 
Table  will  afford  one  comprehensive  view  of  six  months’  observa- 
tions on  this  interesting  subject.” 

ABSTRACT. 

“ The  mean  result  of  six  months’  observations  at  Port  Bowen, 
(N.  lat.  73°  48',  long.  88°  54',)  in  which  the  barometer  was  regis- 
•tered  at  the  hours  of  3,  4,  9,  and  10,  are  here  collected  into  one 
table;  and  in  a second  table  is  given  a comparative  view  of 
three  months’  observations,  in  which  it  was  registered  at  the 
• additional  hours  of  5 and  11.  On  reference  to  these  tables,  it 
will  be  seen  that  the  general  tendency  seems  to  indicate  high 
barometer  at  four  o’clock,  and  low  at  ten  in  the  morning.  The 
evening  tide,  though  less  regular,  is  also  highest  at  four,  but 
lowest  at  eleven  o’clock.  The  changes,  however,  are  in  them- 
selves so  extremely  minute  (amounting  to  only  the  hundredth 
part  of  an  inch),  that ‘a  sudden  tilteration  in  the  atmosphere 
causing  the  barometer  to  rise  or  fall  rapidly  on  any  one  day,  is 
sufficient  to  introduce  an  anomaly  sensibly  affecting  the  mean 
result  of  a whole  month. 
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Thus,  I think  that  I am  entitled  to  say,  that  the  test  which  I 
had  proposed, 'to  ascertain  whether  my  hypothesis  of  the  cause 
of  the  horary  oscillations  of  the  barometer  were  founded  upon 
the  laws  of  nature,  has  confirmed  its  truth,  and  furnished  results 
which  I was  enabled  to  anticipate  by  its  conclusions,  and  its 
conclusions  alone.  Further  consideration  has  suggested  to  me 
other  unforeseen  conditions  of  the  problem  which  the  proposed 
solution  appears  to  me  quite  sufficient  to  satisfy. 

The  hypothesis  supposes,  that  two  horizontal  currents  of  air 
flowing  in  opposite  directions,  one  above  the  other,  balance  each 
other  so  exactly,  that,  as  long  as  no  disturbing  influence  de- 
ranges the  adjustment,  their  perpendicular  pressure,  as  measured 
by  the  barometer  at  the  surface  of  the  earth,  is  equal  in  every 
part  of  their  course,  and  never  varies ; every  particle  of  these 
two  currents  is  carried  forward  with  a given  momentum,  which 
would  continue  its  motion  even  after  the  cause  which  gave  the 
original  impulse  had  ceased  to  act.  Now,  if  we  suppose  the 
course  of  the  lower  current  to  be  checked  by  some  extraneous 
influence,  the  upper  current  will  still  move  forward  from  its 
momentum  with  its  original  velocity ; and  at  the  commencement 
of  its  course  will  create  a deficiency,  and  a diminished  pressure 
of  the  perpendicular  column  comprising  both  the  currents.  At 
the  same  moment,  however,  at  its  other  extremity,  it  must 
accumulate  upon  itself  to  the  same  degree ; and  perpendicular 
columns  of  the  atmosphere,  .weighed  at  equal  intervals  between 
the  two  extremities,  will  afford  a series  of  gradually  increasing 
pressures,  exceeding  the  mean  on  one  side,  and  deficient  on  the 
other. 

The  momentum,  however,  which  caused  this  wave  being 
expended,  what  must  be  the  course  of  the  phenomena  ? The 
increased  pressure,  at  the  point  of  greatest  accumulation,  acts 
against  the  natural  flow  of  the  upper  current,  but  impels 
the  lower  in  its  proper  course.  The  latter,  in  its  turn,  now 
rushes  forward  with  undue  velocity,  and,  continuing  its  course 
even  after  the  impulse  has  been  expended,  accumulates  a wave 
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at  the  other  extremity  of  the  system.  A series  of  increasing 
pressures,  in  the  opposite  direction,  will  hence  result,  and  the 
same  neutral  point  will  separate  the  deficient  and  redundant 
halves  of  the  progression. 

Now,  it  has  been  proved,  from  the  constitution  of  the  atmos- 
phere, that  a system  of  compensating  currents  must  prevail 
between  either  pole  and  the  equator ; whose  general  tendency 
upon  the  surface  of  the  globe  must  be  from  the  colder  regions 
to  the  hotter,  but  in  the  upper  stratum  from  the  hotter  to  the 
colder.  These  systems  are  subjected  to  the  alternate  contracting 
and  expanding  forces  produced  by  the  changes  of  temperature 
from  day  to  night;  which  changes,  before  they  can  equally 
diffuse  themselves  through  the  system,  affect  the  regular  adjust- 
ment of  the  currents : those,  which  are  in  contact  with  the 
surface  from  whence  the  changes  are  derived,  first  feel  their 
influence. 

The  course  of  the  phenomena  in  the  earth’s  atmosphere,  as 
indicated  by  the  horary  oscillations  of  the  barometer,  would 
appear  to  be  as  follows  : — The  rising  heat  of  the  day,  communi- 
cated to  the  air  from  the  surface  of  the  globe,  checks  the  lower 
current  in  its  progress  from  the  poles  to  the  equator,  by  causing 
the  warm  particles  to  ascend,  and  deflecting  them  from  their  hori- 
zontal course.  This  heating  process  is  not  instantly,  or  perhaps 
equally,  communicated  to  the  upper  current,  which  meanwhile 
flows  on  with  its  acquired  momentum,  and  the  aerial  fluid  is  thus 
drawn  from  the  equatorial  regions  and  heaped  upon  the  polar; 
passing  by  a neutral  point,  where  the  balance  is  maintained  by  an 
accumulation  exactly  equal  to  the  excess  of  velocity  : the  maxima 
of  these  effects  occur  about  one  hour  and  a half  or  two  hours 
after  the  earth  has  acquired  its  greatest  temperature.  By  this 
time  some  of  the  momentum  of  the  upper  current  is  expended, 
and  the  accumulation  at  the  poles  commences  its  re-action, 
which  presses  the  lower  current  forward  and  checks  the  upper. 
It  is  the  former  which  now  advances  with  a velocity  greater  than 
is  due  to  an  exact  balance  of  the  two,  and  carried  forward,  in  its 
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turn,  by  its  acquired  momentum,  draws  the  atmosphere  from 
the  poles,  and  heaps  it  upon  the  equator : the  same  neutral 
point  is,  however,  maintained  by  the  same  means  as  before. 
While  this  action  proceeds,  the  surface  of  the  earth  returns  to  its 
medium  state  of  temperature,  and  the  maximum  effect  of  this 
revulsion  occurs  about  two  hours  after.  The  cooling*  process, 
however,  proceeds  beyond  this  point;  and  the  effect  of  radiation 
falling  primarily  upon  the  lower  current,  checks  its  progress  by 
an  analogous,  though  contrary,  effect  to  that  by  which  it  was 
before  retarded.  The  particles  of  air  are  now  drawn  downwards, 
and  the  stratum  contracts  within  itself.  The  upper  current 
meanwhile  having  again  acquired  momentum  from  the  accumu- 
lation at  the  equator,  now  acting  with  it  and  against  the  lower, 
flows  forwards  past  the  point  of  equipoise,  and  again  accu- 
mulates upon  the  poles  the  fluid  which  is  drawn  from  the 
equator.  The  maximum  of  this  effect  occurs  not  far  from  the 
period  at  which  the  surface  of  the  earth  is  furthest  removed  from 
its  mean  state  of  temperature  in  the  opposite  extreme  to  that 
which  we  before  considered.  Another  reaction  follows,  while 
the  earth  recovers  the  mean  heat  of  the  twenty-four  hours  ; and, 
as  the  influence  of  the  sun  carries  it  beyond  this  term,  the  course 
t)f  the  phenomena  is  again  renewed. 

I am  well  aware  that  my  previous  statement  of  this  hypo- 
thesis has  been  very  incomplete,  and  that  from  want  of  sufficient 
explanation  it  has  been  misunderstood.  I have  here  endea- 
voured to  re-state  it  in  other  words,  with  more  distinctness,  but 
I am  not  quite  sure  that  I have  been  more  successful ; and  I 
frankly  own  that  I have  great  difficulty  in  conveying  my  ideas  of 
this  succession  of  intricate  phenomena  in  a manner  satisfactory 
even  to  myself.  I can  only  hope  that  those  who  will  devote 
sufficient  attention  to  the  remarks,  may  perceive  the  clue  which 
may  guide  them  to  a further  elucidation  of  a problem,  which  yet 
requires  the  assistance  of  many  well-combined  observations  to 
enable  us  to  solve  it  in  a satisfactory  manner. 

The  grand  test  of  the  correctness  of  an  hypothesis  is  its  capa- 
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bility  of  explaining  phenomena  which  were  either  unknown  or 
overlooked  at  the  time  of  its  original  construction*  I have 
shown  that  one  consequence  necessarily  flowing  from  my  expla- 
nation of  the  horary  oscillations  of  the  barometer,  and  which  was 
wholly  unknown  at  the  time,  has  been  confirmed  by  subsequent 
observations;  and  I shall  now  proceed  to  show  that  another 
uncontemplated  circumstance  is  not  inconsistent  with  it. 

Baron  Humboldt  observes,  that,  “ in  the  torrid  zone  the  limit 
hours  (that  is,  the  instants  when  the  oscillations  attain  the 
maximum  and  minimum')  are  the  same  at  the  level  of  the  sea, 
and  on  table-lands,  at  the  elevation  of  from  1300  to  1400  toises. 
It  is  asserted,  that  this  isochronism  is  not  manifested  in  some 
parts  of  the  temperate  zone,  and  that  at  the  convent  of  the 
Great  St.  Bernard,  for  instance,  the  barometer  lowers  at  the 
same  hours  when  it  rises  at  Geneva.” — (Personal  Narrat.  vol. 
vi.  p.  758.) 

This  assertion  is  confirmed  by  the  registers  of  the  Palatine 
Society,  in  which  it  v/ill  be  found  that  the  barometer  upon  the 
summit  of  St.  Gothard  rose  from  morning  to  afternoon,  and  fell 
from  afternoon  to  night,  with  almost  as  much  regularity  as  it 
followed  the  contrary  course 'at  the  level  of  the  sea.  It  is  true 
that  two  o’clock,  the  time  of  the  afternoon  observation,  is  not 
the  hour  the  best  calculated  to  exhibit  the  full  amount  of  the 
oscillation,  but  it  sufficiently  establishes  it^  general  tendency. 

Now,  in  what  way  does  the  hypothesis  meet  this  exception  to 
the  general  law  ? At  page  1 6 of  my  essay  upon  the  constitu- 
tion of  the  atmosphere,  I have  shown,  that  the  weight  of  a 
column  of  air  at  its  base  will  not  be  affected  by  any  alteration 
of  temperature,  but  that  the  weight  of  any  of  its  superior  sections 
will  be  affected  by  the  contraction  and  expansion.  As  the 
column  expands,  the  barometer,  which  measures  the  pressure  of 
any  upper  section,  will  rise  in  proportion  to  its  height  above  the 
base,  on  account  of  the  different  distribution  which  takes  place 
of  the  ponderable  matter. 

The  summit  of  an  insulated  mountain,  or  the  narrow  ridge  of 
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a chain  of  mountains,  may  be  considered  to  approximate  in  their 
situations,  with  regard  to  the  atmosphere,  to  a section  of  an 
atmospheric  column  of  an  equal  height ; for,  although  it  is  true 
that  the  column  of  the  atmosphere  immediately  above  such 
summit  or  ridge,  rests  upon  it  as  a base,  yet  this  base,  present- 
ing as  it  were  but  a point,  or  a line,  with  regard  to  the  ambient 
mass,  the  incumbent  air  must  necessarily  be  subject  to  all  the 
fluctuations  of  the  elastic  ocean,  by  which  it  is  hemmed  in.  The 
great  body  of  the  atmosphere  expanding  with  the  rising  heat  of 
the  day  flows  over  the  insulated  station,  and  obliterates  the 
effect  of  that  regular  drain  which  would  be  due  to  it,  at  a lower 
level,  from  the  cause  which  we  have  been  investigating. 

The  same  reasoning  does  not  apply  to  extensive  table-lands, 
however  lofty:  the  extent  of  the  basis  upon  which  the  aerial 
fluid  rests,  in  ,such  situations,  constitutes  it  an  independent 
atmosphere ; in  which  we  find  the  same  effects  following  the 
same  causes,  as  in  equally  extended  plains  at  the  level  of  the 
sea. 

Trusting  to  the  sufficiency  of  this  explanation,  and  the  general 
correctness  of  the  hypothesis,  I will  venture  to  anticipate,  that 
although,  in  the  torrid  zone,  the  horary  oscillations  of  the  baro- 
meter are  found  upon  table-lands  at  the  height  of  1300  or  1400 
toises,  to  be  isochronous  with  those  at  the  level  of  the  sea,  if  ever 
a sufficient  number  of  observations  should  be  obtained  at  equal 
heights  upon  insulated  peaks,  in  the  same  latitudes,  they  will 
indicate  that  the  regular  law  is  masked  by  the  action  which  I 
have  endeavoured  to  explain ; while,  on  the  other  hand,  with 
Baron  Humboldt,  I do  not  doubt  that,  notwithstanding  the 
contrary  result  upon  the  summits  of  St.  Gothard  and  St.  Ber- 
nard, “ in  the  elevated  plains  of  La  Mancha  in  Spain,  at  320 
toises  we  should  see  the  barometer  ascend  at  the  same  hours  as 
at  Valencia  or  Cadiz.” 


' d^3 

CLIMATE  CONSIDERED  WITH  REGARD  TO 
HORTICULTURE* 

Page  534. 

During  my  stay  at  Berlin,  I was  informed  that  one  of  the  hot- 
houses of  the  Botanical  Garden  in  the  neighbourhood  of  that 
city  was  constructed  with  double  glass.  I was  prevented  by 
several  unforeseen  disappointments  from  seeing  the  construction, 
and  making  such  inquiries  as  might  have  explained  the  steps 
by  which  experience  had  been  led  to  the  adoption  of  means 
which  I,  being  totally  unaware  of  the  fact,  had  recommended 
from  theoretical  considerations  alone.  Upon  my  return,  I found 
that  the  existence  of  such  houses  was  totally  unknown  in  this 
country,  and  Mr.  Lindley  kindly  undertook  to  ascertain  all  the 
particulars  from  the  correspondents  of  the  Horticultural  Society. 
The  following  is  an  extract  of  a letter  from  Mr.  Otto,  which  he 
has  lately  received,  in  answer  to  his  inquiries  : — 

“ In  the  year  1804,  a hot-house  with  double  windows  was 
erected  in  the  Botanic  Garden  at  Berlin,  which  completely 
answered  the  purpose  expected  from  it.  Since  that  time  most 
of  the  hot-houses  have  been  built  in  a similar  way,  and  provided 
with  double  windows.  The  main  objects  in  the  application  of  these 
windows  are  the  following:  viz.  to  save  the  very  laborious  task 
of  covering  and  uncovering  the  windows  during  rainy  or  cold 
weather,  by  means  of  wooden  shutters  or  mats  ; to  admit,  unin- 
terruptedly, the  light  to  the  plants — which  cannot  be  the  case  if 
the  windows  are  covered;  protection  against  cold  and  wet, 
whereby  the  dropping  of  rain  or  snowy  weather  is  totally 
avoided.  These  would  be  the  chief  advantages  of  houses  with 
double  windows.  On  the  other  hand,  it  cannot  be  denied,  that 
a great  deal  of  the  sun’s  light  and  warmth  is  withheld  from  the 
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plants  by  the  obstruction  of  the  sun’s  rays;  and  on  this  account 
the  double  windows  are  applied  only  to  larger  houses,  in  which 
stout  and  full-grown  plants  are  cultivated.  In  smaller  ones, 
where  young  plants  only  are  kept,  as  also  in  forcing-houses  for 
fruit,  &c.,  I do  not  find  them  equally  applicable,  because  much 
light  and  warmth  of  the  sun  is  lost  by  them.  We  generally  put 
on  the  double  windows  here  in  September,  on  the  tropical 
houses ; but  on  the  conservatories,  later  in  November.  Those 
standing  in  the  front  arc  generally  put  on  later,  and  again 
removed  earlier,  which  is  entirely  regulated  by  the  state  of  the 
weather.  The  tropical,  as  well  as  all  New  Holland  and  Cape 
plants,  keep  extremely  well  in  these  houses,  and  I shall  pro- 
bably never  follow  any  other  method.  Even  the  snow  never  lies 
long  on  the  upper  windows,  but  melts  and  runs  down  on  them. 


“ M March,  1827.” 
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Atmosphere,  Dry,  Gaseom,  surrounding  a sphere,  increasing  in 
Temperature  unequally  from  the  Poles  to  the  Equator,  24  ; 
Pressure,  density,  and  temperature,  at  different  points  in, 
25;  Force  of  horizontal  currents  in,  25  ; Vertical  circula- 
tion in,  45  ; Effects  of  a mixture  of  vapour  upon,  81 

■  of  Pure  Steam,  on  the  habitudes  of,  49  ; Effect  of 

a forced  progression  of  Temperature  upon,  58 

* of  Pure  Steam,  (surrounding  a Sphere  of  equal 

Temperature,)  51  ; Density  and  Temperature  of,  at  dif- 
ferent heights,  52  ; Transparent  and  undisturbed,  52 

(surrounding  a Sphere  of  unequal  Temperature,) 

53  ; Could  not  follow  the  progression  of  the  temperature, 
53  ; perpetually  turbid,  54 

(surrounding  a Sphere  of  unequal  Temperature, 

but  with  its  motions  retarded  ;)  Currents  in,  54  ; Pressure 
and  density  of,  at  different  latitudes,  55  ; Effect  of  changes 
in  different  columns,  56 

Mixed  Gaseous  with  Steam ; On  the  habitudes  of, 

73 ; Can  never  exist  in  a state  of  rest,  77 

surrounding  a Sphere  of  unequal  Temperature,  82; 

Effect  of  a mixture  of  land  and  water  upon,  91  ; Effect  of 
the  sun  upon,  when  clouded,  91  ; Effect  of  unevenness  of 
surface  upon,  92 

Aqueous  of  the  British  Islands,  269 

■  Artificial,  528 

Aurora  Borealis,  395,  399,  401 
Autumn,  281,  286,  291,  296 

Bahia,  Power  of  Solar  Radiation  at,  218 

— Power  of  Terrestrial  Radiation  at,  231 

Meteorological  Observations  at,  329 

Balfour,  Dr.,  his  Observations  upon  the  Movements  of  the  Ba- 
rometer, 252 

Barhadoes,  fall  of  Ashes  at,  from  the  Volcano  of  St.  Vincent, 
103 

Barometer,  Theory  of  the  Motions  of,  by  Mr.  Leslie,  4,  6 ; Re- 
futed, 7,  8 

Theory  of  the  Motions  of,  by  Mr.  Hauksbee ; Re- 
futed, 8 

fall  of,  at  different  Heights,  in  a Gaseous  Atmosphere 

of  uniform  Temperature,  13  ; Of  unequal  temperature,  15 

not  affected  at  the  Base  of  a Column  of  Air,  by  equal 

Increase  of  Temperature,  16;  Affected  in  all  other  situa- 
tions, 16 

effect  of  a general  Increase  of  Temperature  in  the 

Atmosphere  upon,  17 
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Barometer^  equal  Height  of,  maintained  by  Regular  Currents, 
22,  25,  38 

Height  of,  not  affected  at  the  Base  of  a Column,  by 

an  equal  Change  in  the  upper  and  under  Currents,  28  ; is 
affected  at  all  other  elevations,  28 

fall  of,  occasioned  by  an  Increase  of  Temperature  in 

the  entire  upper  Current,  30 ; Occasioned  by  a partial  in- 
crease of  5°  of  heat  at  5000  feet,  31  ; Extending  to  10,000 
feet,  32  ; Occasioned  by  a gradual  rise  of  2°,  from  5000  to 
25,000  feet,  33 

rise  of,  occasioned  by  a partial  reduction  of  Tempera- 
ture^ 36 

Height  of,  in  an  Atmosphere  of  Steam.  See  Elas- 
ticity. 

rise  of,  occasioned  by  the  Admission  of  Steam  to  a 

dry  Atmosphere,  81 

Mean  Height  of  the  same  every  where  at  the  level  of 
the  Sea,  93  ; How  explained,  94,  614 
fall  of,  in  Ascents,  94 

little  affected  at  the  Level  of  the  Sea,  by  Diurnal  or 

Annual  Changes  of  Temperature,  97 ; At  high  elevation 
greatly  affected,  98 

tendency  of,  to  fall  during  the  Day,  and  to  rise  at 

Night,  98,  252 

^ not  affected  by  the  Trade-winds,  103 

not  affected  by  Periodical  Winds,  106 

•  Range  of,  108 

•  Fall  of,  precedes  Rain,  in  Extra-Tropical  Climates, 

111 

Fluctuations  of,  great  and  sudden  in  Arctic  Regions, 

111 

Rises  and  falls  at  the  same  time  at  distant  places,  112 

_ Range  of,  less  in  high  Situations  than  low,  113 

Mean  Height  of,  varies  a little  with  the  Seasons,  117 

great  Falls  of,  accompanied  by  a Temperature  above 

the  Mean,  127 

great  Rises,  accompanied  by  a Temperature  below 

the  Mean,  127  ^ 

Oscillations  of,  coincident,  541 

opposite,  556 

■ Horary  Oscillations  of,  251  ; Greatest  at  the  equator, 

257  ; Neutral  point  of,  258  ; In  high  latitudes,  opposite  to 
those  at  the  equator,  258  ; In  London,  268,  608 

Mean  Height  in  London,  266 

yearly  Range  and  Extremes,  277 

— remarkable  Height  of,  293,  426 
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'Barometer^  remarkable  Fall  of,  297,  447 

New  Method  of  Filling*,  350 

Light  in,  355,  357,  364 

—  Adhesion  of  Mercury  in,  356 

Barometers,  Comparison  of  different,  358,  361 

Capillary  Action  of,  359  ; Difference  in  boiled  and 

unboiled  tubes,  360 

- — deteriorated  by  Time,  567 

— Imperfections  of  common,  365 

applied  to  measure  the  Moisture  of  the  Air,  376 

B«rome^nc  Mensuration.  See  Mensuration. 
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Biot,  M.,  his  Opinion  of  the  Theories  ofthe  Barometric  Motions,  9 
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ridian, 387 ; With  the  sun  on  the  meridian,  388 ; In 
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Brazil,  Meteorological  Observations  upon  the  Coast  of,  331 
British  Islands,  Situation  of,  114,  269 

Proportion  of  Easterly  and  Westerly  Winds  in, 

114 

— — Proportion  of  Northerly  and  Southerly  Winds 

in,  115 

British  Islands,  most  permanent  Rains  from  the  South,  116 

— — Mean  Height  of  the  Barometer  in,  117 

, Aqueous  Atmosphere  of,  269 

Brussels,  547,  582 
Buda,  549,  582 
Bullock,  Lieut.,  562 

Calcutta,  Horary  Oscillation  of  the  Barometer  at,  252 
Caldcleugh,  Mr.,  upon  the  New  Hygrometer,  196 

■ his  Observations  in  Brazil,  335 

• his  Observations  in  the  Trade-winds,  348 

Cambridge,  U.  S.,  557 

Cape  Verd  Islands,  Meteorological  .Observations  at,  316 
Capillary  Action  in  Barometers,  359  ; Difference  in  boiled  and 
unboiled  tubes,  360  ; Table  of  the  correction  for,  363 

— — Experiments  on,  568 

Capper,  Col.,  Observations  on  the  Winds,  475 

Caspian  Sea,  Evaporation  from,  109 

Cavendish,  Mr.,  Examination  of  two  Thermometers  by,  368 
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Circulation,  Horizontal  in  a Gaseous  Atmosphere,  19 
Perpendicular  in  a Gaseous  Atmosphere,  45  ; Ef- 
fect of,,  upon  the  horizontal  currents,  46 
Clermont,  Ferrand,  Horary  Oscillations  of  the  Barometer  at,  253 
Climate,  of  London,  263  ; Mean  results  of,  266 
Polar ; Irregularities  of  wind  very  great,  100 ; Tem- 
perature of,  1 10  ; Mitigation  of  the  severity  of,  273 

Temperate ; Rains  and  winds  variable,  109  ; Fall  of 

the  Barometer  precedes  rain,  111 

Tropical ; Winds  regular,  102 

Artificial,  512 

■ considered  with  regard  to  Horticulture,  511 

Clouds,  Re -dissolved  by  subsiding  into  warmer  Air,  68,  78,  503  ; 
Equalization  of  temperature  produced  by,  79,  504 

Progress  of,  from  their  first  Formation,  84,  506 

Formation  of,  raises  the  Temperature  of  the  Air,  101 

Apparent  Permanency  of,  often  deceptive,  123 

■ — Formation  and  Dissolution  of,  in  the  course  of  the  day, 

124 

Influence  of,  upon  Radiation,  239 

Coasts,  difference  of  Temperature  between  Western  and  Eastern, 
104 

Colour,  Influence  of,  upon  Radiation,  237 

Effect  of,  upon  Heat,  527 

Co'penhagen,  Barometric  curve  of,  546 
Cryophorus,  53,  143 

Cumana,  Power  of  Solar  Radiation  at,  220 
Currents,  in  a Gaseous  Atmosphere;  Regularity  of,  maintained 
by  the  equal  height  of  the  barometer,  22,  25  ; Occasioned 
by  the  juxta-position  of  the  equatorial  and  polar  columns, 
19  ; Force  and  velocities  of,  20 ; Force  and  direction  of, 
changed  by  equal  expansion,  25  ; Effect  of  unequal  ex- 
pansion, and  a fall  of  the  barometer,  34;  Irregular,  cause 
the  barometer  to  rise  and  fall,  38  ; Northern  and  southern, 
caused  by  the  gradual  increase  of  heat,  from  the  poles  to 
the  equator,  40  ; Eastern  and  Western,  caused  by  altera^ 
tions  of  temperature  in  the  direction  of  the  longitude,  41, 
43  ; Occasioned  by  the  revolution  of  the  sphere,  44 ; Effect 
of  a perpendicular  circulation  in,  46  ; Little  affected  by 
admixture  of  vapour,  83 ; Mechanical  action  upon  vapour,  88 
Currents,  in  an  Atmosphere  of  Steam,  54,  64  ; Flow  in  a contrary 
direction  to  those  of  the  air,  83,  86 

— — in  a mixed  Atmosphere  ; Affected  by  the  condensation 

of  the  vapour,  84 

in  the  Atmosphere  of  the  Earth;  An  upper  and  an 

under^  in  contrary  directions,  proved  to  exist,  102  ; More 
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than  two,  often  to  be  traced,  112  ; Irregular  expansion  in, 
the  cause  of  the  Horary  Oscillation  of  the  barometer,  256 
Currents^  Antagonist,  560 

of  a Room,  592 

' — • of  a Mine,  593 
Curves,  Meteorological,  301,  544 

■ — Barometrical,  544 

coincidence  of,  552,  562 

opposition  of,  556 

comparison  of,  553,  557 

Dalton,  Mr.,  his  Table  of  the  Force  of  Steam,  50 

Experiments  of,  upon  Evaporation,  87,  496 

upon  the  Equilibrium  of  Heat  in  the  Atmosphere,  96 

his  Essays  upon  the  Constitution  of  mixed  Gases,  128 

■  upon  the  Dew-point,  143 

his  determination  of  the  Force  of  Aqueous  Vapour,  154 

upon  the  Force  of  Evaporation,  162 

Daltonian  Theory,  128 
Dampier,  his  Essay  on  Winds,  466 

Davy,  Sir  H.,  upon  the  Solution  of  Air  in  Mercury,  363,  567,  570 
Density,  Decrease  of,  in  a Gaseous  Atmosphere,  at  different  Ele- 
vations, 12 

Inequality  of,  in  an  Atmosphere  surrounding  a Sphere 

of  unequal  Temperature,  19  ; Calculations  of  the  variations 
of  pressure  occasioned  by,  19 

■ Force  of,  opposed  to  Elasticity,  19 

and  Elasticity,  balance  of,  between  an  Equatorial  and  a 

Polar  Atmosphere,  20 

Irregularity  in  the  Progression  of,  cannot  exist,  30 

Decrease  of,  in  an  Atmosphere  of  Steam  at  different 

Heights,  52 

■ ■ Variation  of,  in  an  Atmosphere  of  Steam,  at  different 
Latitudes  of  a Sphere  unequally- heated,  55 

Decrease  of,  in  an  Atmosphere  of  Gas  mixed  with 

Steam,  75 

Maximum  of  Water,  effect  of,  upon  the  Dew-point,  271 

Dew,  Formation  of,  decreases  the  Elasticity  of  Vapour,  126; 
Cause  of,  520 

Dew-pomt,  in  an  Atmosphere  of  Steam  under  a forced  Gradation 
of  Temperature,  63 

Effects  of  a general  Reduction  of  Temperature  upon, 

64 

in  a mixed  Atmosphere  of  Steam  and  Gas,  78 

decline  of,  in  Ascents,  118 

of  the  Harmattan,  122 
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Dew-pointy  Observation  of  Pliny  upon,  139 

Experiments  upon,  by  the  Academicians  del  Cimento, 

142 ; by  M,  Le  Roi,  142  ; by  Mr.  Dalton,  143 

•  sudden  Change  of,  before  Wind,  152 

remark  of  Mr.  Leslie  upon,  186 

■ not  altered  by  exhaustion  of  Air,  203 

the  same  in  Hydrogen,  Oxygen,  or  Atmospheric  Air,  503 

•  change  of,  from  Breathing,  204 

fluctuations  of,  in  the  twenty-four  hours,  268 

difference  of,  in  Land  and  Sea  Winds,  270 

affected  by  the  Formation  of  Dew,  126 

— by  the  Maximum  Density  of  Water,  271 

by  the  freezing  and  thawing  of  Water,  272 

follows  the  Progression  of  the  Mean  Temperature,  303 

of  Hot-houses,  532 

Diseases,  their  Connexion  with  the  State  of  the  Atmosphere,  264 
Dryness  of  the  Atmosphere,  how  expressed,  161 
greatest  degree  of,  267 

Dulong  and  Petit,  MM.,  on  the  Laws  of  the  Radiation  of  Heat, 
207,  231 

on  the  Expansion  of  Mercury  and  Dilatation 

of  Glass,  371 

on  the  cooling  Power  of  Air,  500 

Edsberg,  558 

Elasticity,  force  of,  opposed  to  Density,  19 

and  Density,  balance  of,  between  an  Equatorial  and 

a Polar  Atmosphere,  20 

•  Modifications  of,  in  a gaseous  Atmosphere.  See  Ba^ 

rometer. 

— Modifications  of,  in  an  Atmosphere  of  Steam,  at  dif- 

ferent elevations,  52,  54 

of  an  Atmosphere  of  Steam  at  different  Latitudes,  of 

a Sphere  unequally  heated,  55 
Electricity,  effect  of,  upon  the  Atmosphere,  134 

Importance  of  attending  to  the  Subject,  134,  374 

of  a Barometer,  357 

Influence  of,  upon  Barometrical  Mensuration,  389 

Ephemerides,  of  the  Meteorological  Society  of  the  Palatinate,  542 
Equator,  Horary  Oscillations  of  the  Barometer  at,  251,  609 
Equilibrium  of  a gaseous  Atmosphere  surrounding  a Sphere  of 
equal  Temperature,  15  ; Surrounding  a sphere  of  unequal 
temperature  at  rest,  24 ; surrounding  a sphere  of  unequal 
temperature  turning  upon  its  axis,  47 

of  an  Atmosphere  of  Steam  surrounding  a Sphere 

- of  equal  Temperature,  52  j Surrounding  a sphere  of  unequal 
temperature,  56 
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Equilibrium  of  a mixed  Atmosphere,  73 
Erfort^  547 

Ether^  Precipitation  of  the  Vapour  of,  204 

Evaporation,  in  an  Atmosphere  of  Steam,  must  be  accompanied 
by  Precipitation,  52 

constant  in  an  Atmosphere  of  Steam  surrounding 

a Sphere  unequally  heated,  56 

— — inversely  proportional  to  the  Mechanical  Retarda- 

tion of  the  Vapour,  57 

amount  of,  under  different  Circumstances  in  an  At- 
mosphere of  Vapour,  63,  70 

Experiments  upon  the  Rate  of,  87,  493 

Force  of,  how  measured,  162,  492 

--  Mean  Annual  Amount  of,  in  London,  267 

Mean  Monthly  Amount  of,  in  London,  274,  etseq. 

•  Essay  upon,  489 

■■  Modifications  of,  490 

•  Effect  of  Atmospheric  Pressure  upon,  495,  505 

■ ■ Wind  upon,  504 

on  Flower-pots,  530 

Exotics,  Arrangement  for  the  Growth  of,  522 
Expansion,  unequal  effect  of,  upon  a Column  of  Fluid,  80 
Extremes,  Meteorological,  yearly  for  London,  267 
Monthly,  of  London,  274,  et  seq. 


Faraday,  Mr.,  on  the  Insinuation  of  Air  between  Glass  and 
Mercury,  573 

Farming,  Connexion  of  Meteorology  with,  27 4,  et  seq. 

Floods,  remarkable,  297,  445 
Flowers,  Exhalation  of,  530 
• Absorption  of,  531 

Fluid,  permanently  Elastic  on  an  Atmosphere  of,  11.  See  At- 
mosphere. 

mixture  of,  with  Vapour,  74 

Foster,  Lieut.  H.,  his  Register,  614 
Franklin,  Benj.,  134 

Free  Town,  Meteorological  Observations  at,  319 
Frost,  occurs  in  Ten  Months  of  the  Year,  278 
Period  of  greatest,  399 

Fuego  Island,  its  fitness  for  Meteorological  Observations,  314 
Funchal,  Meteorological  Experiments  at,  310 

Galbraith,  Mr.,  his  Table  of  the  Force  of  Vapour,  596 
Gambia  River,  Meteorological  Observations  in,  317 
Garden,  best  situation  for,  525 

Gases,  Resistance  of  the  Pores  of,  to  the  Passage  of  Vapour,  87 
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Gases,  Mixture  of,  in  the  Atmosphere,  120 
Gauge,  evaporating,  166,  374 
Rain,  374 

Gay  Lussac,  M.,  his  formula  for  the  evaporation' of  gases  by  va- 
pour, 175 

upon  Hygrometry,  201 

Geneva,  Meteorological  Journal  kept  at,  98 
• Barometric  Curve,  549 

Glass,  Correction  to  be  applied  to  Barometers  for  Dilatation  of,  372 

Double,  for  Hot-houses,  534 

Goitre,  345 

Goree,  Meteorological  Experiments  at,  316 
Gothab,  Barometric  Curve,  558 
Gottingen,  Ditto,  547 

Grande  River,  Meteorological  Experiments  at,  317 
Great  Britain.  See  British  Isles. 

Green,  Mr.,  Experiments  of,  upon  the  Dew-point,  at  great 
Heights,  118 

Green-houses,  Atmosphere  of,  537 
Guard,  Barometer,  577,  587 

Guinea^  Gulf  of.  Meteorological  Observations  in,  327 

Hadley,  Mr.,  his  Theory  of  the  Trade-winds,  102 
Hall,  Captain  Basil,  on  the  Trade-winds,  465 

Ascent  of  Teneriffe,  593 

Halley,  Dr.,  his  Theory  of  the  Trade-winds,  475 

Harmattans,  122 

Harvest,  286,  292,  296,  300 

Haukshee,  Mr.,  Refutation  of  his  Theory  of  the  Motions  of  the 
Barometer,  8 

Haze,  remarkable  blue,  439 

Heat,  natural  Equilibrium  of,  in  the  Atmosphere,  96 

evolved  during  the  Formation  of  Clouds,  101 

Radiation  of,  in  the  Atmosphere,  207 

whether  reflected  by  the  Moon,  244 

Gradation  of,  in  the  Year,  267.  See  Temperature, 

Hedley  Heath,  Barometric  Mensuration  of,  382 
Heights,  Barometric  Experiments  upon,  376 
Hemmer,  Professor,  543,  544 

— — on  Air  in  Mercury,  584 

Hills,  effect  of,  on  Temperature,  524  • 

Hoar-frost,  cause  of,  520,  524 

Horsburgh,  Captain,  his  East-India  Directions,  467 

Horticulture,  connexion  of,  with  Climate,  511 

Horticultural  Society,  511 

Hot-houses,  Atmosphere  of,  529 
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HoUhouses,  Dew-point  of,  532 

•  Ventilation  of,  535 

with  double  Glass,  534,  623 

Howard^  Luke^  Mr.,  on  the  Variation  of  the  Height  of  the  Baro- 
meter, with  the  Seasons,  117 

on  the  Progress  of  the  Annual  Mean  Tempera- 
ture, 280 

his  Method  of  expressing  Meteorological  Results, 

by  a Curve,  301 

his  “ Climate  of  London,’^  304 

Howard,  Dr.,  upon  Lunar  Radiation,  244 
Humboldt,  Baron  De,  Remarks  upon  Hygrometers,  190 

upon  the  Power  of  Solar  Radiation,  at  Cumana,  220, 

605,  607 

Observations  upon  the  Horary  Oscillations  of  the 

Barometer,  252,  60S,  621 
Hutton,  Dr.,  his  Hygrometer,  199 
Hydrogen,  Dew-point  of,  204 
Hygrometer  of  the  Academy  del  Cimento,  142 

New,  Essay  upon  the  construction  and  uses  of,  139; 

Description  of,  in  glass,  144 ; Description  of,  in  metal,  149 ; 
Uses  of,  as  a weather-glass,  149 ; Uses  of,  in  measuring  the 
quantity  and  pressure  of  Vapour,  153;  Use  of,  in  measuring 
the  force  of  evaporation,  162;  Use  of,  in  barometrical 
mensuration,  167;  Use  of,  in  artificial  atmospheres,  184; 
Comparison  of,  with  others,  186;  Experiments  with,  202; 
Use  of  in  horticulture,  538 
De  Saussure’s,  188,  193 

•  De  Luc’s,  190 

Hutton’s,  199 

Leslie’s,  200 

Jones’s,  597 

■ essential  Properties  of  a perfect,  198 

Hygroscopes,  186,  193 

J amaica.  Experiments  at,  upon  the  Dew-point,  upon  Heights,  120 

Power  of  Solar  Radiation  at,  219 

Power  of  Terrestrial  Radiation  at,  232 

Horary  Oscillations  of  the  Barometer  at,  252 

Barometrical  Mensuration  of  a Mountain  at,  325 

Meteorological  Observations  at,  333 

Ice,  emits  Vapour,  44 

— effect  of  the  Vicinity  of,  upon  the  Dew-point,  272 
Igloolik,  Radiation  at,  605 

Instruments,  Meteorological,  necessary  Care  in  the  Construction 
and  Observation  of,  262 
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Jones,  Mr.  T.,  his  Hygrometer,  597 

Ivory,  Mr.,  his  Formula  for  Elasticity  of  Vapour,  596 

Knight,  Mr.  Andrew,  on  the  growth  of  Pines,  606 

Lamanon,  M.,  Observations  of,  upon  the  Horary  Oscillations  of 
the  Barometer,  251 

Land,  Mixture  of,  with  Water ; Effects  upon  a mixed  atmos- 
phere, 91  ; Effects  of,  upon  the  winds,  106 
La  Place,  M.,  upon  the  Hygrometric  Correction  of  Barometrical 
Mensuration,  171 

Leith  Hill,  Barometric  Mensurations  of,  379 
Le  Roi,  M.,  upon  the  Dew-point,  142 

Leslie,  Professor,  his  Theory  of  the  Barometric  Motions,  4,  6 ; 
Refuted,  7,  8 

on  the  Progression  of  Heat  in  the  Atmo- 
sphere, 96 

upon  the  Hygrometric  Correction  of  Barometric 

Mensuration,  172 

— Remarks  of,  upon  the  Dew-point,  186 

his  opinion  of  common  Hygrometers,  192 

his  Hygrometer,  200 

his  jEthrioscope,  235 

Light,  in  boiling  a Barometer  Tube,  355 

in  the  Vacuum  of  a good  Barometer,  357,  364 

London,  Radiation  of  Heat  in,  237,  246 

Horary  Oscillations  of  the  Barometer  at,  253,  268 

— — ■ ' - Essay  upon  the  Climate  of,  263 
■ Meteorological  journal  in,  392 

Long,  Major,  his  Meteorological  Journal  in  North  America,  260 
Looking-glasses,  cause  of  the  deterioration  of,  585 
Luc,  M.  De,  upon  the  Heat  given  out  by  the  Formation  of 
Clouds,  101 

•-  upon  the  Hygrometric  Correction  of  Barometric 

Mensuration,  168  ; on  the  Formation  of  Clouds,  506 

— his  Hygrometer,  190 

Lyon,  Captain,  his  Register,  605,  611 
Madeira,  Meteorological  Observations  at,  308 
Mannheim,  Transactions  of  the  Meteorological  Society  of,  542 
—————  Barometric  Curve  of,  548-557 

Mean  of  the  Barometer  at,  581 

Power  of  the  Sun  at,  606 

Maranham,  Meteorological  Observations  at,  331 
Marseilles,  Barometric  Curve  of,  550 
Mats,  to  prevent  frost,  523 
for  Hot-houses,  534 
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Means,  Meteorological,  for  the  Year,  in  London,  266 

for  each  Month,  in  London,  274 

Melon -frames,  537 

Melville  Island,  Power  of  Solar  Radiation  at,  222 

intense  Cold  at,  during  Calm,  233 

Horary  Oscillation  of  the  Barometer  at,  259 

Mensuration,  Barometric,  555 ; Correction  of,  for  Temperature 
of  Air,  95 

Correction  of,  for  Moisture,  168,  181 

at  different  Stages  of  the  same  Height,  382 

influence  of  Weather  upon,  385 

influence  of  Moon  upon,  387 

influence  of  Wind  upon,  385 

influence  of  Electricity  upon,  389 

— — example  of,  with  all  Corrections  made,  182 

of  the  Pico  Ruivo,  at  Madeira,  315 

of  the  Sugar-loaf  at  Sierra  Leone,  321 

•  of  the  Mountain-house  at  Ascension,  324 

—  — of  the  Block-house  at  Trinidad,  325 

of  the  Port  Royal  Mountain  at  Jamaica,  325 

of  Villa  Rica,  344 

of  Leith  Hill,  379 

of  Box-hill  and  Hedley-heath,  382 

Mercury,  Specific  Gravity  of,  173,  357  ^ 

solution  of  Air  by,  disproved,  363 

Correction  to  be  applied  to  the  Barometer  for  expan- 
sion of,  372 

Meteorological  Observations  on  the  precautions  to  be  taken  in 
making,  370 

—  proper  times  of  making,  373 

—  Journal,  392 

Mists,  how  produced,  151,  524 

Mixture  of  Gases  with  Vapour,  effects  of,  74 
Moisture  of  the  Atmosphere,  how  expressed,  161 

Deposition  of,  upon  Cold  Bodies,  140 

Momentum  of  the  Wind,  476 
Monsoons,  106,  485 

Months,  Meteorological  Characters  of  the  several,  274 
Moon,  influence  of,  upon  the  Atmosphere,  135,  387 

Experiments  upon  the  supposed  heat  of,  244 

Influence  of,  upon  Barometric  Mensuration,  287 

Moscow,  Barometric  Curve  of,  557 

Moses,  his  Account  of  the  Creation  of  the  Atmosphere,  132 
Mouldiness  upon  Plants,  558 
Munich,  Barometric  Curve  of,  548 

•  Mean  Height  of  Barometer,  583 
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Nepenthes  distillatoria,  531 
Newfoundland^  Register  kept  at,  562 

Oscillations  of  the  Barometer,  coincident,  541 

opposite,  556 

Horary,  of  the  Barometer,  251;  Amount  of,  indif- 
ferent latitudes,  254  ; Attempt  to  explain,  255,  618 
Oxygen^  Dew-point  of,  203 

Padua,  Barometric  Curve  of,  550 
— — — Mean  Height  of  Barometer,  581 
Palathiate,  Meteorological  Society  of  the,  542 
Pamperos,  Winds  of  the  River  Plate,  336 
Paris,  Horary  Oscillations  of  the  Barometer  at,  213 

— Power  of  the  Sun  at,  607 

Parry,  Captain,  110 

■  his  Experiments  upon  Solar  Radiation,  222 

■  with  the  Hygrometer,  600 

Peissenberg,  Barometric  Curve  of,  548 

Mean  Height  of  Barometer,  583 

Penn,  Mr.  Granville,  his  Estimate  of  the  Mineral  and  Mosaical 
Geologies,  133 

Petershurgh,  Barometric  Curve  of,  557 

Pico  Ruivo,  Barometrical  Measurement  of  the  Height  of,  308 
Pinery,  537 

Pines,  impatient  of  strong  Light,  606 
Pitch,  Melting  Point  of,  224 
Platinum,  action  of  Mercury  upon,  577-587 
Playfair,  Professor,  upon  the  Hygrometrical  Correction  of  Ba- 
rometrical Mensuration,  171 

liig  method  of  Measuring  the  Hygrometrical 

state  of  the  Air  by  the  Barometer,  376 
Pliny,  his  Observations  upon  the  Dew-point,  139 
Port  Bowen,  Horary  Oscillations  at,  615 
Port  Royal,  Meteorological  Observations  at,  333 
Prague,  Barometric  Curve  of,  547 

Precipitation  in  an  Atmosphere  of  Steam  must  be  accompanied 
by  Evaporation,  52 

• constant  in  an  Atmosphere  of  Steam  surrounding  a 

Sphere  unequally  heated,  56 

proportionate  to  the  Mechanical  Retardation  of  the 

Vapour,  57 

amount  of,  at  different  Points  in  an  Atmosphere  of 

Vapour,  68,  70 

Pressure,  separate,  of  the  Air  and  Vapour,  303 
Priestley,  Dr.,  on  the  Passage  of  Air  between  Glass  and  Mer- 
cury, 585 

Pyschminsk,  Barometric  Curve  of,  556 
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Radiation  of  Heat  in  the  Atmosphere,  207,  603 

amount  of,  from  different  Bodies,  242,  518 

influence  of,  upon  Vegetation,  278,  521 

•  Lunar,  disproved,  245 

Solar,  208 ; Questions  regarding,  208,  213;  Power 

of,  in  different  months,  210;  Effect  of,  upon  Vegetation, 
211,  229  ; Progress  of,  from  morning  to  evening,  211  ; 
Comparison  of  the  force  of,  in  different  latitudes,  214  ; Laws 
of  the  decrease  of,  226  ; Influence  of  Clouds  upon,  239 ; 
Mean  force  of,  in  London,  267  ; Maximum  force  of,  278 
Terrestrial,  cooling  of  the  Atmosphere  by,  97  ; Cool- 
ing of  the  surface  of  the  Earth  by,  98 : Occasions  Mists, 
151;  Power  of,  in  different  months,  230;  Force  of,  in- 
creases with  the  Heat,  231 ; Measures  the  Clearness  of  the 
Air,  ih. ; Power  of,  in  different  latitudes,  ih.^  604,  605 ; 
Comparison  of  the  power  of,  upon  plains  and  mountains, 
233;  Apparatus  for  measuring  the  power  of,  234  ; Force 
of,  in  a Metallic  Reflector,  236  ; Force  of,  during  the  day, 
237 ; Influence  of  Colour  upon,  ib, ; Mean  force  of,  in 
London,  267 ; Maximum  force  of,  278  ; Effect  of,  on 
Horticulture,  517 ; primary  effect  of,  521 ; Secondary  effect 
of,  524 

•  from  Hot-houses,  534 

from  Green-houses,  538 

Rain,  seldom  occurs  in  the  Trade-winds,  107 

abundant  in  adjoining  latitudes,  108 

more  during  night  than  day,  1 26 

annual  Mean  Depth  of,  at  London,  267 

in  different  months,  274,  et  seq. 

Ramond,  M.,  Observations  upon  the  Horary  Oscillations  of  the 
Barometer,  253 

Ratisbon,  Barometric  Curve  of,  548 

Read,  Mr.,  his  Experiments  upon  Atmospheric  Electricity,  134 
Retardation,  Mechanical,  to  the  Passage  of  Vapour,  53  ; Eva- 
poration and  Precipitation  inversely  proportionate  to,  57  ; 
Produced  by  a state  of  motion,  61  ; The  consequence  of 
mixture  with  Air,  72,  73,  162 
Rice,  Mr.,  on  the  Weight  of  Water,  155 

his  Table  of  Corrections  for  the  Height  ofthe  Barometer,  370 

Rio  deJaniero,  Climate  of,  335 

Rocky  Mountains,  Horary  Oscillations  ofthe  Barometer  at  the,  260 
Rome,  Barometric  Curve  of,  550 

Mean  Height  of  Barometer,  581 

Rotation  of  the  Earth,  velocity  of,  477 

Roy,  General,  on  the  Correction  for  Temperature  in  Barometri- 
cal Mensuration,  95 

on  the  Hygrometric  Correction  of  Barometrical 

Mensuration,  170 
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Roy,  General,  on  the  Expansion  of  Air  by  Heat  and  Moisture, 

• 174,  182 

Royal  Academy  of  Paris,  185 

their  Meteorological  Journal,  375 

Royal  Society , their  new  Barometer,  353,  571 

Sahara,  Meteorological  Observations  at,  342-345 
Sabine,  Captain,  Experiments  of,  upon  the  Dew-point  at  dif- 
ferent Heights,  119 

■ Meteorological  Experiments  of,  upon  the  Coast 

of  Africa,  122 

— ■'  ■ upon  the  New  Hygrometer,  197 

Experiments  of,  upon  Solar  Radiation,  214 

upon  Terrestrial  Radiation,  231 

Observations  upon  the  Horary  Oscillation 

of  the  Barometer,  252 

Meteorological  Experiments  by,  307 

Sagan,  Barometric  Curve  of,  547 

Saussure,  M.  de.  Experiments  of,  upon  the  Rate  of  Evapora- 
tion, 87 

•  upon  the  Weight  of  Vapour  in  Air  at  different 

Temperatures,  159 

his  Hygrometer,  188,  193 

his  Description  of  a perfect  Hygrometer,  198 

Experiments  of,  upon  Solar  Radiation,  225 

Scoresby,  Captain,  his  account  of  the  Variableness  of  the  Wind  in 
Arctic  Regions,  111 

•  Remarks  of,  upon  Solar  Radiation,  223 

upon  the  Freezing  of  the  Sea 

by  Radiation,  234 
order  of  the,  273 

Comparison  of,  different,  285,  302 

Seed  time,  275,  289,  293,  298 

Shuckburgh,  Sir  George,  upon  Barometric  Mensuration,  173 

•  upon  the  Expansion  of  Air,  182 

Sierra  Leone,  Experiments  at,  upon  the  Dew-point,  119 

•  Power  of  Solar  Radiation  at,  214  ; Difference  of 

the  force  of,  upon  Mountains  and  Plains,  221,  225 

Horary  Oscillation  of  the  Barometer  at,  252 

Meteorological  Experiments  at,  318 

Measurement  of  a Mountain  at,  321 

Snow,  early  Occurrence  of,  287,  395 

a Year  without  any,  in  Middlesex,  298 

Spidberg,  Barometric  Curve  of,  546 

Spirits  of  JVine,  Precipitation  of  the  Vapour  of,  204 
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Specijic  Gravity  of  Mercury,  173,  357 

— — of  mixed  Air  and  Steam,  178 

Sphere,  Motion  of,  upon  its  Axis,  48;  Currents  occasioned  by,  44 

— . of  equal  Temperature,  11,  49,  74 

• of  unequal  Temperature,  18,  53,  82 

Spring,  275,  289,  294,  299 

St.  Bernard,  Meteorological  Register  kept  at,  98 
Effect  of  the  surrounding  Snow  upon  the  Obser- 
vations at,  100 

— Horary  Oscillations  of,  62 1 

St.  Gothard,  Barometric  Curve  of,  549 

Mean  Height  of  Barometer,  583 

— Horary  Oscillations  at,  621 

St.  Thomas,  Horary  Oscillations  of  the  Barometer  at,  252 

Meteorological  Observations  at,  327 

St.  Vincent,  Ashes  of  the  Volcano  carried  against  the  wind,  102 
Steam,  Latent  Heat  of,  509 

■ — ■ ' Table  of  the  Force  of,  for  Atmospheric  Temperature,  by 

- Mr.  Dalton,  50 

By  Dr.  Ure,  157;  See  Vapour,  Aqueous. 

By  Mr.  Galbraith,  596 

Stockholm,  Barometric  Curve  of,  546 
Summer,  277,  290,  295,  300 

Sun,  Radiation  of  Heat  from,  208 ; Power  of,  in  different  lati- 
tudes, 210;  Effect  of,  upon  vegetation,  2ll ; Progress  of, 
from  morning  to  evening,  211  ; Questions  regarding,  213; 
Comparison  of,  in  different  latitudes,  214 
Sugar-Loaf  Mountain,  Barometrical  Measurement  of  at  Sierra 
Leone,  321 

Trigonometrical  Measurement  of,  323 

Surface,  Unevenness  of.  Effect  of  upon  a mixed  Atmosphere,  92 
Elevation  of,  Effect  of  upon  Observations,  99,  100 

Temperature,  Natural  Progression  of,  in  an  Atmosphere  of  Gas, 
at  different  Elevations,  13 

— -■  — an  equal  Change  of,  in  the  Atmosphere,  16;  Does 

not  affect  the  Barometer  at  the  base  of  a column,  46 ; Af- 
fects it  at  all  other  situations,  16 

General  Increase  of,  in  both  Currents,  17 

General  Increase  of,  in  the  upper  Current,  29  ; 

Occasions  a fall  of  the  Barometer  at  the  surface  of  the 
sphere,  30 

Partial  Increase  of,  5°  at  various  Heights,  31 ; 

Effects  of,  upon  the  Barometer,  31 
Partial  Increase  of,  2°,  33 

Irregular  Decrease  of,  36  ; Effects  of,  upon  the  Ba- 
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rometer,  35;  In  an  atmosphere  of  steam,  at  32°  at  different 
heights,  52 ; In  an  atmosphere  of  steam  at  80°,  54 
Temperature,  Distribution  of  upon  the  Surface  of  the  Sphere,  43 
— ■ General  Rise  of  in  an  Atmosphere  of  Steam  pro- 

duces no  disturbance,  52 

Natural  Progression  of  in  an  Atmosphere  of 

Steam,  55 

Effect  of  a decrease  of,  in  an  Atmosphere  of  Steam, 

greater  than  is  due  to  the  Elevation,  57,  63,  501 

Equalization  of  produced  by  the  Precipitation  and 

Resolution  of  Moisture,  58,  503 
Temperature,  Disturbance  of,  produced  by  Steam,  72 
Annual  and  Diurnal  Changes  of,  97 ; Affect  the  ba- 
rometer at  the  level  of  the  sea  but  little,  97 ; Greatly  affect 
the  barometer  at  high  elevations,  98 

Increase  of,  from  Condensation  of  Vapour,  10 1 

Mean,  increases  from  the  poles  to  the  equator,  95; 

Decreases  from  below  upwards,  96 ; Progress  of,  280  ‘ 

in  London,  266 ; Now  made  up,  268  ; Of 

the  different  seasons,  274 

Teneriffe,  fitness  of  its  Situation  for  Meteorological  Observa- 
tions, 313 

Peak  of  Ascent,  593 

West  Wind  upon,  592 

Thames,  obstructed  with  Ice,  401 
Thermometers,  Register  of,  at  Sierra  Leone,  320 

at  Bahia,  330 

on  the  Imperfection  of  Common,  367 

of  Six’s  Construction,  367 

of  Rutherford’s  Construction,  367 

Change  in  the  Freezing  Point  of,  368 

Tides,  Atmospheric,  136 

Trade  Winds,  Meteorological  Experiments  in,  316,  348 

" ' Essay  upon,  by  Captain  B.  Hall,  465 

Contrivance  to  illustrate,  478 

Deviation  of,  105,  483 

Trinidad,  Experiments  of  upon  the  Dew-point  of  Heights,  120 

Horary  Oscillations  of  the  Barometer  at,  252 

Barometrical  Measurement  of  a Mountain  at,  325 

■ Meteorological  Observations  at,  332 

Ure,  Dr.,  his  Determination  of  the  Force  of  Steam,  154 

Vapour,  Aqueous,  on  an  Atmosphere  of.  See  Atmosphere. 
Progression  of  density  in,  51,  54;  Progression  of  tempe- 
2 Z 
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rature  in,  52,  54  ; Effect  of  a forced  progression  of  Tempe- 
rature on,  58 

Vapour,  Condensation  of,  by  Pressure,  53 

out  of  the  Contact  of  Water,  67  ; Expands  by  the  same 

law  as  gases,  67  ; Elasticity  of  a column  of,  at  80°  heated 
to  90°,  68 

—  Effects  of  Diffusion  over  a dry  Surface,  69 

• Rising  from  Surfaces  differently  imbued  with  Mois- 

ture, 70 

Mixture  of  with  Gases,  74 

can  only  exist  in  small  Quantity  in  the  Atmosphere,  76 

Progress  of,  just  beginning  to  form  in  a Gaseous  At- 
mosphere, 77 

Average  Quantity  which  could  exist  in  a mixed  Atmos- 
phere, 79 

: Condensation  of,  equalizes  the  Temperature  of  the 

Air,  83,  101 

Average  Quantity  of,  decreases  from  below  upwards, 

and  from  the  Equator  to  the  Poles,  100 
— in  the  Earth’s  Atmosphere,  117;  Decrease  of,  in  as- 
cents, 118;  Tension  of  in  evaporation,  determined  by  the 
quantity  already  existing,  122 ; Quantity  of,  follows  the 
progress  of  the  mean  temperature,  124 ; Pressure  of,  fol- 
lows a contrary  course  to  that  of  the  Barometer,  126  ; 
Stratification  of,  594 

■ Determination  of  the  force  of,  by  Mr.  Dalton,  154 

by  Dr.  Ure,  154 

Weight  of,  in  a Cubic  Foot  of  the  Air,  155;  Deter- 
mined by  De  Saussure,  159  ; by  Mr.  Anderson,  159 

—  mixed  with  Air,  Specific  Gravity  of,  177 

Influence  of,  upon  the  vegetable  Kingdom,  263 ; upon 

the  Animal  (Economy,  263 
Variables,  Winds  so  called,  470,  473,  593 
Vegetation,  Effect  of  Radiation  upon,  211,  229 ; Notices  of  the 
state  of,  286,  etseq. 

Villa  Rica,  Meteorological  Observations  at,  342 
Walls,  for  training  trees,  522,  526 

Water,  Mixture  of,  with  Land,  effects  upon  a mixed  Atmos- 
phere, 91 

Maximum  Density  of,  effect  upon  the  Dew-point,  271 

Freezing  and  Thawing  of,  effect  upon  the  Dew-point,  272 

Watering  of  plants,  532,  538 

Weather,  Judgment  of,  from  the  Hygrometer,  149,  162 
fine,  162 
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Weather,  Effect  of,  upon  the  Feelings,  264 
Popular  Description  of,  for  three  years,  285 

—  Influence  of,  upon  Barometric  Mensuration,  385 

Wells,  Dr.,  his  Essay  upon  Dew,  126,  207,  230,  517 
Winds,  Sea  and  Land,  105 

— — Periodical,  106 

— Westerly ; Prevail  between  latitudes  30  and  40,  103, 

472,  474,  486.  Caused  by  the  excess  of  equatorial  velocity 
of  rotation,  104 

Trade,  102 ; An  opposite  current  at  great  elevations,  102, 

483,  592  ; Do  not  affect  the  height  of  the  barometer,  103 ; 
Restriction  of,  between  the  30th  degrees  of  latitude,  104; 
Direction  of,  changed  on  western  coasts,  105 ; Seldom 
rains  within  the  limits,  107.  See  Trade  Winds. 

Force  of,  sometimes  increases  with  the  Elevation,  113 

Northerly,  raise  the  Barometer,  115 

Southerly,  depress  the  Barometer,  115 

Change  of,  anticipated  by  the  Hygrometer,  152 

Land  and  Sea,  269  ; Dew-points  of,  270 

Annual  Mean  Dew-points  from  eight  Points  of,  269 

—  Monthly  Mean  Dew-points  from  eight  Points,  and  pre- 

valence of  each  in  the  Year,  284 

— Influence  of,  upon  Barometrical  Mensuration,  389 

. See  Currents. 

Winter,  274,  288,  293,  297 

Wollaston,  Dr.,  his  Cryophorus,  53,  143 

Experiments  of,  upon  Radiation,  234 

Years,  comparison  of,  different,  285,  302 

Young,  Dr.,  his  Mode  of  calculating  the  Quantity  of  Evapora- 
tion, 165 

■ Correction  for  Capillary  Action  in  Barometers,  359,' 

363,  569 

• error  of  his  Chart  of  the  Trade  Winds,  466,  468 


The  reader  is  requested  to  correct  the  following  errata — the  only  two  which  materially 
affect  the  sense  : — 

Page  36,  line  5, /or  1,000,  reacf  10,000. 

389,  — 11,  — sixth,  — sixtieth. 
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TABLE  III. — For  finding  the  Specific  Gravity  of  any  Mixture 
of  Air  and  Aqueous  Vapour^  at  Mean  Pressure^  from  0°  to 
90°. — Dry  Air  at  32°  Temp,  and  30  Inches^  Pressure^  being 
=z  1.0000. 


Temp. 

Alteration  of 
Volume 
from  Heat. 

Alteration  of 
Volume 
from  Vapour. 

Increase  of 
Density 
from  Weight. 

Correct  Specific 
Gravity  of 
Saturated  Air. 

0 

06660 

+ .00227 

+ .00153 

1.0703 

1 

— .06458 

+ .00237 

+ .00159 

1.0679 

2 

— .06249 

+ .00247 

+ .00166 

1.0655 

3 

-.06041 

+ .00257 

+ .00172 

1.0631 

4 

— .05833 

+ .00267 

+ .00179 

1.0607 

5 

-.05624 

-f  .00277 

+ .00185 

1.0583 

6 

— .05416 

+ .00287 

+ .00191 

1.0559 

7 

-.05208 

+ .00298 

+ .00197 

1.0536 

8 

-.04999 

+ .00308 

+ .00204 

1.0512 

9 

-.04791 

+ .00318 

+ .00210 

1.0489 

10 

-.04583 

+ .00328 

+ .00216 

1.0466 

11 

-.04374 

+ .00344 

+ .00224 

1.0442 

12 

- .04166 

+ .00358 

+ .00234 

1.0419 

TABLE  III.  continued. 


1 

Temp. 

Alteration  of 
Volume 
from  Heat. 

Alteration  of 
Volume 
from  Vapour. 

Increase  of 
Density 
from  Weight. 

Correct  Specific 
Gravity  of 
Saturated  Air. 

13 

-.03958 

+ .00372 

+ .00243 

1.0396 

14 

-.03749 

+ .00385 

+ .00251 

1.0373 

15 

— .03541 

+ .00398 

+ .00260 

1.0350 

16 

-.03333 

+ .00412 

+ .00268 

1.0327 

17 

— .03124 

+ .00425 

+ .00276 

1.0304 

18 

- .02916 

+ .00439 

+ .00284 

1.0282 

19 

-.02708 

+ .00452 

+ .00292 

1.0260 

20 

-.02500 

+ .00469 

+ .00302 

1.0239 

21 

-.02291 

-f.  00489 

+ .00314 

1.0215 

22 

- .02083 

+ .00509 

+ .00327 

1.0194 

23 

-.01874 

+ .00529 

+ .00339 

1.0171 

24 

-.01666 

+ .00549 

+ .00351 

1.0148 

25 

- 01458 

+ .00570 

+ .00363 

1.0125 

26 

-.01249 

+ .00590 

+ .00375 

1.0104 

27 

-.01041 

+ .00610 

+ .00387 

1.0082 

28 

-.00833 

+ .00631 

+ .00399 

1.0061 

29 

- -00624 

+ .00651 

+ .00411 

1.0041 

30 

-.00416 

+ .00671 

+ .00423 

1.0017 

31 

- .00208 

+ .00698 

+ .00439 

.9995 

32 

.00000 

+ .00725 

+ .00454 

.9973 

33 

+ 00208 

+ .00752 

+ .00471 

.9952 

34 

+ .00416 

+ .00779 

+ .00486 

.9927 

35 

+ .00624 

+ .00806 

+ .00502 

.9909 

36 

+ .00833 

+ .00834 

+ .00518 

.9887 

37 

+ .01041 

+ .00864 

+ .00533 

.9867 

38 

+ .01249 

+ .00889 

+ .00549 

.9846 

TABLE  III.  continued. 


Temp. 

Alteration  of 
Volume 
from  Heat. 

Alteration  of 
Volume 
from  Vapour. 

Increase  of 
Density 
from  Weight. 

Correct  Specific 
Gravity  of 
Saturated  Air. 

39 

+ .01458 

+ .00915 

+ .00564 

.9824 

40 

+ .01666 

+ .00942 

+ .00580 

.9804 

41 

+ .01874 

+ .00983 

+ .00604 

.9783 

42 

+ .02083 

+ .01024 

+ .00627 

.9761 

43 

+ .02291 

+ .01064 

+ .00650 

.9741 

44 

+ .02499 

+ .01105 

+ .00674 

.9720 

45 

+ .02708 

+ .01146 

+ .00697 

.9699 

46 

+ .02916 

+ .01187 

+ .00720 

.9679 

47 

+ .03124 

+ .01228 

+ .00743 

.9658 

48 

+ .03333 

+ .01269 

+ .00766 

.9636 

49 

+ .03541 

+ .01310 

+ .00789 

.9616 

50 

+ .03749 

+ .01351 

+ .00803 

.9596 

51 

+ .03958 

+ .01399 

+ .00839 

.9575 

52 

+ .04166 

+ .01447 

-{-.00864 

.9555 

53 

+ .04374 

+ .01502 

-f  .00896 

.9535 

54 

+ .04583 

+ .01557 

+ .00926 

.9514 

55 

+ .04791 

+ .01612 

+ .00957 

.9494 

56 

+ .04999 

+ .01667 

+ .00987 

.9474 

57 

+ .05208 

+ .01723 

+ .01017 

.9453 

58 

+ .05416 

+ .01784 

+ .01051 

.9433 

59 

+ .05624 

+ .01843 

+ .01083 

.9414 

60 

+ .05833 

+ .01902 

+ .01114 

.9394 

61 

+ .06041 

+ .01961 

+ .01146 

.9374 

62 

+ .06249 

+ .02020 

+ .01178 

.9354 

63 

+ .06458 

+ .02093 

+ .01217 

.9334 

64 

+ .06666 

+ .02166" 

+ .01256 

.9314 

TABLE  III.  continued. 


Temp 

Alteration  of 
. Volume 

from  Heat. 

Alteration  of 
Volume 
from  Vapour. 

Increase  of 
Density 
from  Weight. 

Correct  Specific 
Gravity  of 
Saturated  Air. 

65 

4-  06874 

+ . 02239 

+ .01295 

.9294 

66 

+ .07083 

+ 02312 

+ .01334 

.9275 

67 

+ .07291 

+ .02386 

+ .01372 

.9255 

68 

+ .07499 

+ .02466 

+ .01415 

.9235 

69 

+ .07708 

+ . 02546 

+ .01457 

.9216 

70 

+ .07916 

+ .02634 

+ .01503 

.9196 

71 

+ .08124 

+ .02725 

+ .01551 

.9177 

72 

+ .08333 

+ .02817 

+ .01598 

.9157 

73 

+ .08541 

+ .02912 

+ .01648 

.9137 

74 

+ .08749 

+ .03011 

+ .01699 

.9117 

75 

+ .08958 

+ .03114 

+ .01752 

.9098 

76 

+ .09166 

+ .03221 

+ .01810 

.9079 

77 

+ .09374 

+ .03327 

+ .01861 

.9059 

78 

+ .09583 

•+  . 03438 

+ .01916 

.9039 

79 

+ .09791 

+ .03548 

+ .01973 

.9020 

80 

+ .09999 

+ . 03663 

+ .02030 

.9001 

81 

+ . 10208 

+ .03781 

+ .02090 

.8982 

82 

+ .10416 

+ .03903 

+ .02150 

.8962 

83 

+ . 10624 

+ .04029 

+ .02213 

.8943 

84 

+ .10833 

+ .04159 

+ .02277 

.8924 

85 

+ .11041 

+ . 04293 

+ .02343 

8905 

86 

+ .11249 

+ .04431 

+ .02411 

.8885 

87 

+ .11458 

+ .04573 

+ . 02486 

.8867 

88 

+ .11666 

+ .04716 

+ .02549 

.8847 

89 

+ .11874 

+ .04858 

+ .02618 

.8828 

90 

+ . 12083 

+ .05005 

+ .02688 

.8809 
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